Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


n 


M 


-wrLrv-^ 


lAI 


^ 


^M 


w 


\ 


TRANSACTIONS 


AMERICAN   SOCIETY 


MECHANICAL    ENGINEERS. 


XXth  Meeting,  New  York,  Nov.,  1889. 
XXIsT  Meeting,  Cincinnati,  May,  1890. 


NEW  YORK  CITY: 
PUBLISHED    BY    THE    SOCIETY, 


No.  13  West  31ST  Street. 


1 

MQIN.  LIBRAWt 


K-- 


Copyright,  T890, 
By  thb  American  Society  of  Mechanical  Engineers. 


Press  of  J.  J.  Little  &   Ca 
Astor  Place,  New  York. 


OFPICEES 

OW   TBI 

AMERICAN  SOCIETY  OF  MECHANICAL 
ENGINEERS. 

1889-18&0. 


ra ....teldgetoB,  N.  J, 

nOX-PSBSIBSlTTS. 

taJ.  BoBDBff. Fall  BtTsr,  MM!. 

Kbst NewYorttaty. 

BI0KA1II)S NawUkTen,  Coda. 

TMn  REptrw  at  Annaal  Heating  of  1890. 

J<Nn.  Skabf 8*l«n,  Ohio. 

Oeo.  W.  Wbrkb Clinton,  Mam. 

Dk  Voi-"ON  Wood Hoboken,  N.  J, 

Term  fxplres  at  Annniil  Meeting  of  1891. 

MA2fAGEES. 

Stkpbem  W,  Baldwib Now  York  City. 

Fkkdbrick  (Jb'KNSI.L Pfovidenoe.  B.  I, 

UORBis  Sellbrs CliicBKo,  111. 

Terra  eiptree  at  Aaiiual  Meeting  of  1890. 

Frajtk  H.   Ball Erie,  Pa. 

Gbo,   H.  Bohd. Hartford,  Conn. 

'Wic  FoRBTTH Aurora,  III. 

Term  expires  at  Annoal  Meeting  of  1891. 

Jab.  E.  Dbntok Hoboken,  N.  J. 

CARt.BTOn  W.  Naboh New  York  (^ty. 

H,  H.  WKSTDiGHOrBB Pittsburgh,  Pa. 

Term  eiplrea  at  Annaal  Meeting  of  1893. 

THBASUSBR. 
Wm.  H.  Wilbt. SSEBBtlOth  St.,  Now  York  City. 

3E0BETART. 

P.  B,  HiTTO!! 13  W.  SIstSt.,  and  50th  St.  and  41h  Ave,.  New  York  City. 


LIST  OF  MEMBERS. 


Honorary    Members    in    Perpetuity, 

DECEASED  FOUNDERS  OF  THE  SOCIETY, 

HENRY  ROSSITER  WORTHINGTON, 
ALEXANDER  LYMAN  HOLLEY. 


Honorary  Members. 

May     26,  1886— Baker,  Siii  Benjamin.  Memb.  Inst.  C.  E. .  .Forth  Bridge  Ry., 

2  Queen  Sq.  PL,  Westminster,  S.  W.,  London. 
Nov.      6.  1884— Bram WELL,  Sir  Frederick,  D.C.L.,  F.R.S.,  Mem.  Inst.  C.  E. 

5  Great  George  St.,  Westminster,  London,  England. 
Nov.      6,  1834 — Bauschinobr,  JoHANN,  Prof.  Technical  High  School.  .Schel- 

lingfetrasse  84,  Munich,  Germany. 

Nov.      2,  1882— Clark,  Daniel  Einnbar,  Mem.  Insc.  C.  E 8  Buckingham 

St.,  Adelphi,  London,  England. 
Nov.     19,  1889— CooDE,  Sir  John,  K.  C.  M.  G.,  Mem.  Inst.  C.  E.,  Westminster 

Chambers,  9  Victoria  St.,  London,  S.  W.,  England. 

May     26,  1886^Dredob,  James Engineering,  35  and  86  Bedford  St., 

Strand,  London,  England. 

May     26,  1886 — Dwelshauvers-Dert,  V Prof,  at  University,  5  Qual 

Marcellis,  Liege,  Belgium. 

Nov.     19,  1889 — EiFFKL,  Gustave 87  Rue  Pasquier,  Paris,  France. 

Nov.      6,  1884 — Grashof,  F Carlsrube,  Germany. 

Nov.      6,  1884 — Herumann,  Gcstav. Aix-la-Chapelle,  Germany. 

Nov.     19,  1889 — HiRSCH,  Joseph.  .Ingenieur  en  Chef  des  Pouts  et  ChauFsees, 

and  1  Rue  Castiglione,  Paris,  France. 

Ma"'    14  1890^  [   PoRTKR,  Chas.  T.* Box  79,  Montclair,  N.  J. 

Nov.      2,  1882 — Reed,  Sie  Edward  J.,  K.  C.  B.,  M.  P.  .Broadway  Chambers 

Westminster,  S.  W.,  London,  England. 

Nov.       2,  1882 — Reuleaux,  Fhancis Pottsdammerstrasse,  20a,  Berlin, 

Germany 

Nov.*     2,  1883 — Schneider,  Henri Le  Creusot,  France. 

May     26,  1886— Walker,  Francis  A President  Massachusetts  Institute 

of  Technology,  Boston,  Mass. 


Life  Members. 

May       8, 1888— Bixby,  William  H.,  U.  S.  A Capt.  U.  S.  Engr.  Corps, 

Wilmington,  N.  C. 
June    13,  1883 — Bcrodorff,  Theo.  F.,  Passed  Assi.  Eng.  U.  S.  N., 

Univerj^ity  of  Tennessee,  Knoxville,  Tenn. 

*  Maiiajjer  ly8-2-85;  Vicc-l»re&ideiit  188C  88. 


VI  UBT  OF  lfF.¥BK!«. 

Aag.    10,  1881— Du  Bom.  A.  Jay.  .  .Piof.  Cir.  Bug..  S.  S.  8.,  Tale  Unir.. 

New  IlMTen,  Codd. 

April      7,  188D— Edisox,  Th03CAS  A Orange,  X.  J. 

Not.     11,  1885— Hu5T,  Chables  Wallace 45  Broadway,  New  York  Citj. 

Jane    20,  1880— Normax,  Oeoroe  U S13  Beacon  St..  Boston,  Maf>«. 

April    19.  1882 — Rowlahd,  Thomas  F President  Continental  Iron  WorkF, 

Stotion  «•  G,"  Brooklyn,  N.  Y.,  and  329  Mad.  Ave.,  N.  Y.  City. 
May     26,  1886^SiMS.  Gardoseii  C,  Gen.  Mgr.  Armington  and  Sims  Eng.  Co., 

Providence,  U.  I. 

3lay     21,  1884 — Sobzasto,  Julio  Federico Cons.  Civ.  Eng.,  33  Broadway. 

Box  2675,  N.  Y.  City. 

May     14, 1890— Torret,  Hrrbekt  Gray U.  S.  Assajer,  U.  S.  Ahsay  Office, 

30  Wall  St.,  N.  Y.,  and  Sterling.  N.  J. 


Members. 

Nor.     19.  188tf — Adrcahce,  Benjamik.  ...Prop.  Adriance  Machine  Works, 

Plymouth  and  Jay  Sts.,  Brooklyn,  N.  T. 
May     14,  1890,  Aoabstz.  Alexander.  . .  Prest.  Calumet  &.  Hecla  Minin^r  Co., 

12  AsUbnrton  PI.,  Boston,  Mass.     Curator  of  Museum. 

Haivard  College.  Cambridge.  Mass. 

May     27,  1885— Aitkbk,  Robert  W Victor  Mfg.  Co.,  West  Ferry  St., 

and  434  Seventh  St.,.  Buffalo,  ^.  Y. 

Nov.     19,  1889 — Alberoer.  Louis  R M.  E.  with  H.  R.  Wortliington, 

88  Liberty  St.,  New  York  City. 

May      21,  1884 — Albrecht,  Orro IKtsman,  Bement,  Miles  &  Co.,  2l8t  and 

Callowhill  Stii.,  and  055  No.  22d  St.,  Pliiladelpbia,  Pa. 

Nov.      4,  1880 — Alden,  George  I Prof.  Mech.  Eng'g,  Polyt,  Institute, 

Worcester,  Mass. 
May     27,  1885 — Allderdice,  William  Hillary,  Asst.  Eng.,  U.  S.  N., 

U.  S.  Naval  Academy,  AnnaiH>lis,  Md. 
Nov.     11,  1885— Allderdick,  Winslow.  .  .Warren  Tui)e  Works,  Warren,  Ohio. 

Nov.      4,  1880 — Allen,  Francis  B Second  V.-P.,  Hartford  Steam  Boiler 

Insp.  and  Ins.  Co.,  Hartford,  Conn. 

Aug.      4,  1881 — Allen,  Jeremiah  M President  Hartford  Steam  Boiler 

Ins.  and  Insp.  Co..  Hartford,  Conn. 

June    28,  1880— Allen,  John  F 629  Walton  Ave.,  New  York  City. 

May     21,  1884— Allison,  Robert Franklin  Iron  Works,  Port  Carboft,  Pa. 

June      1,  1880— Almond,  Thomas  R 83  Washington  Street,  Bnwklyn,  N.  Y., 

and34:nV.  23d  St.,  N.  Y. 

Nov.     29,  1887 — Ames,  William  Lewis Prof.  Mech.  DVg,  Rose  Polyt. 

Inst.,  Terre  Haute,  Ind. 

June     13,  1883— Angstrom,  Carl Mech.  Eng'r  Iron  and  Steel  Works, 

Domnarfvet,  Sweden. 
May      21,  1884— Anthony,  Gardner  C.  .Director  R.  I.  Technical  D'w'g  School, 

297  Westmin^er  St.,  and  48C<)rtlnndt  St.,  Providence,  R.  I. 

May      20,  1886— Armington,  Pardon Treas.  Armington  and  Sims  En^.  Co.. 

Providence,  R.  I. 

Nov.     11,  1885— Akoz.vuena,  Rafael  M.  de Eug.  &  Contr.  Coliseo  Viego, 

City  of  Mexico,  Mex. 


U8T   OF   UEUBEB8. 


^? 


\  37,  1S85— Ahhwobth.  Danikl Mecli.  sudCciiiP.  Eng.,  Box  7S, 

and  340  Edwin  SI.,  E.  B.,  Pittsburgh,  Pa. 

88,  1887— ATKlsa,  James Montelair,  N,  J. 

hag.     10.  1831— AccaiNCLOBS,  William  S.  . .  .200  Cl.arch  St.,  Pblladelpliia,  Pa. 

Oct,      19,  1889— Babbitt,  Oborqb  Hodkbi.  .8apt.  W.  A.  Harris  Bteam  En^;, 

Co.,  Proridence.  B.  I. 
7,  18dO— BiBcot:B.  UKOnciE  H.  ,Pres.  TLe  Babcock  &  Wilcoi  Co.,  80 

Cortlandl  St.,  N.  Y.  City,  and  17  We.-4  8lli  St..  Plaiofield.  N.  J. 

4,  1881— Babcock,  axKPHES  E. .  .Cliiel  Eng.,  W.  W..  and  ."124  Monroe 
St.,  Little  FftlLi.  N.  T. 

10,  1889 — BXCKSTUOM,  OdSTAF  Lbosahd.  .Mecli.  Eng.,  1600  IJamiltoti 

St.,  and  ISOe  Summer  St.,  Pbiladelphia,  Pa. 

11'  \ml\  ^'"»*-  EiltLECCopelandiBacon,  Mech.  EDg.,85Uberly 
20, 1886(         g,    ^^^  York  City,  and  52  Ft.  Qreene  P!.,  Brooklyn,  N.  Y. 

C.  1884— Bailey.  Readb  W M(!t.  The  Robinson  Rea  Mfg.  Vo.. 

58  Carson  St..  aod  Bailey  Ave.,  Pittebnrgb,  Pa, 
7,  1880-Bakkii,  W.  S.  G.«.  .Pres.  and  Treas.  Baito.  Cur  Wheel  Co., 

P.  O.  Bos  176,  Baltimore,  Md. 

H,  1800- Baluwik,  Bkbt.  L Mech.  Eng.,  Room  20,  Lincoln  In ii 

Ctun,  and  1008  Gilbert  Ave.,  Cin.,  O- 
15, 1880— BAiowra,  OecAn  H  . .  We.-tinglioiiae  Elect.  Co.,  4  VictoHa 

M.ineions,  R3  VIcCnii.i  St..  London.  8.  W.,  Gnglnnd. 
7,  1880— Baujwts,  SxErHBX  W.t,.Penn.  Steel  Co.,  2  Wall  8t,,  and 

267  We..l  7Jd  Sl...  New  York  City. 

5.  l8S3-BAi.owni,  WiM-iam  J. ,  ..M.  K.  Heating  and  Ventilatli^g  Co., 
277  Pearl  St.,  New  York  City,  and  1017  Iltrkl.uer  St.. 

Brooklyn.  N.  Y. 
1,  1SS3— Ball,  Frahb  H.t  . .  .Trens.  and  Gen.  Ugr.,  B*ll  Engine  Co., 

Eri^  Pi. 

4, 1880— BakcBOPT,  J.  Biei,t.KBS Mgr.  Wm.  Seilera  &  Co.  (Inoorp.), 

lUOO  Hamllion  St.,  and  8310  Areli  St.,  Phi  la  d  el  pi  li  a.  Pa. 

SI.  I8W— Bai.naBV.  CoAS.  W Phyoli  I.  W.,  Meadvilte,  Pa. 

7,  1880— Babnakd,  Okorob  A...Sieam  Poiver  Pistils  and  t-team  Htg. 
Apparaius,  15  Cortlandl  St.,  Room  03,   and  2028  7th  Ave.. 

N.  y.  Cily. 
..Consulting  Eng.  (for  B.  F.  Sturtevani), 


I  16,  1889— BABNEfl,  ABBt,  T. . 


w 

Jamaica  Pliuo,  and  a:j  Oakdile  St.,  Jamaica  Plulii,  Maaa. 

m 

16.  1888-BABNE8.  David  Leonabd.  . .  .Cons.  Eng..  507  The  Itookery, 

Cliit^o,  111. 

M>r 

27,  lt)8&— BAiistea,  Peiikeuab..  .P.  0,  Boi  1021,  and  Junes  and  l.nughlius, 

PiitslmrdL.  Pi>. 

May 

20,  1886— BiRNBB,  W.  F Pred.  W.  F.  &  J.  Barnes  Co..  liockford.  111. 

Not. 

9,  ISSl-BAENHUBeT.  H.  H Sec.  &  Mgr,  Ln^on  I.  W.,  and 

384W.  aihBL.Erie.  Pa, 

Hay 

81,  1887— Barnum.  Ukobob  S.  . .  .Trea-t.  "  The  Bigelow  Co.."  Sew 

Haven,  Conn. 

May 

27,  1885— Baku,  J,  N Supt  Mo,  P.  C.  M,  &  St.  P.  H.  B.,  anil  3028 

Willis  Bt.,  West  Milwaukee,  Win. 

•  •  • 


VI 11  LIST  OF  MEMBERS. 

May     15, 1889 — Barb,  John  H.  . .  .Prof.  Mech.  Eng'g,  Univ.  of  Minnesota,  and 

1223  Fourth  St.,  S.  E.,  Minneapolis.  Minn. 

April     7,  1880— Barb,  William  M V.-P.  Barr  Pumping  Eng.  Co.,  Gherman- 

town  Junction,  Philadelphia,  Pa. 

Oct.      16,  1888— Babratt,  Edoab  Grant Prest.  Exhaust  Vent.  Co.,  64  So. 

Canal  St.,  Chicago,  UI. 

May       4,  1883 — Barrub,  George  H Expert  and  Cons.  Steam  Eng.,  Room 

45  Mat.  Life  Ins.  Co.  Building,  95  Milk  St ,  Boston,  Mass. 
Oct.      16,  1888 — Baetlett,  George  B.  .  .Mech.  IVtsman  Union  Sieel  Co.,  8179 

Ashland  Aye.,  Cliicngo,  Dl. 

May     26,  1886— Baetol,  Geo Otis  Steel  Co.,  Cleveland,  Ohio. 

May     27,  1885— Bassett,  Nob;man  C Mech.  Eng.  Otis  Elev.  Co., 

Yonkers,  N.  Y. 
April     7,  1880— Batcheloe,  Charles.  .  .Orange,  N.  J.,  and  88  West  25th  St., 

Now  York  City. 

Nov.     19,  1889— Bates,  Alex.  B Passed  Asst.  Eng.  U.  S.  N.,  U.  S.S. 

"Minnesota,"  140  Henry  St.,  Brooklyn,  N.  Y. 

April     7,  1880— Bauer,  Charles  A Gen.  Mgr.  The  Warder,  Buabnell  & 

Glessner  Co.,  Springfield,  Ohio. 

May     15,  1889 — Baugh,  Samuel  Andrew Supt.  Baugh  Steam  Forge  Co., 

Detroit,  Mich. 

April     7,  1880— Bayles,  James  C Spiral  Weld  Tube  Co.,  5-7  Beekuian 

St.,  New  York  City. 
Nov.       1,  1888 — Beardbley,  Arthur.  .Prof,  of  Engineering  and  Dir.  of  Mech. 

Arts,  Swarthmore  College,  Swarthmore,  Del.  Co.,  Pa. 
May     26,  1886— Beck,  Matthcas  A.. 609  So.  Webster  St.,  East  Saginaw,  Mich. 

May     15,  1889— Beekman,  John  V Supt.  Lidgerwood  Mfg.  Co.,  383  Union 

St.,  Brooklyn,  X.  Y. 
Nov.    2D,  1887 — Belcher,  Amherst  W Supt.  Repair  Shops  Cornell  Steam- 
boat Co.,  Rondout,  N,  Y. 
Nov.     30,  1886 — Bellhouse,  R.  Wynyard.  .  Mech.Eng'r  The  Warners  Portland 

Cement  Mfg.  Co.,  Warners  and  Memphis,  N.  Y. 

May     31,  1887 — Belltngrodt,  M.  O Asst.  Eng.  Milwaukee  Gas  Co., 

Box  211,  Milwaukee,  Wis. 

May     15,  1889— Benjamin,  Park Mech.  and  Elect.  Eng'r,  32  Park  Place, 

New  York  City. 

June    13,  1883— Bennett,  Edwin  H Bayonne,  N.  J. 

May     26,  188G— Bennett,  Frank  M Asst.  Eng.  U.  S.  N.,  Navy  D  ipi., 

Washington,  D.  C. 
Au^.  10,  1881 — Betts,  Alfred.  . .  .Prest.  Beits  Machine  Co.,  Wilmington,  Del* 
June     13,  1883— Betts,  William.  .  .V.-P.  Betts  Machine  Co.,  and  1*211  Gilpin 

Ave.,  Wilmington,  Del. 

May     31,  1887 — Bigelow,  Frank  L Secretary  The  Bigelow  Co.,  and 

490  Orange  St.,  New  Haven,  Conn. 

Nov.      2,  1882— Bigelow,  George  W  New  Haven,  Conn. 

May      27,  188.")- Bilgram,  Hugo.  . .  .438  No.  12th  St.,  cor.  Noble,  and  1831 

Fairmount  Ave.,  Philadelphia,  Pa. 

April      7,  1880— Billings,  Charles  E Pre>t.  Billings  &  Spencer  Co., 

Hartford,  Conn. 

Nov.       2,  1883— BiNSSE,  Henry  Leon Eng.  and  Prop,  of  the  Newark 

Machine  Tool  Works,  Newark,  N.  J. 


^^^^^^B  LIST  OF  MEMBERS.  ix 

M17     8,  1888— BntKtNBiKE,  Jobs C<^^.  and  Min'g  Eog'r,  23  N.  Juniper 

St..  Rnd  4306  Spruon  St.    Pliiludelplila,  Pa. 

Uaj      S,  IBSS— Bkbt,  \Vn,l.I4M  H.  (Life  Mefober) U.  S.  A,,  Capt.  U.  S, 

EngT.  Corps,  Wilmiiigion,  N.  C. 

Var.    IS.  I83B— Bl,AiR,  Hobatio  P SteBm  Heating  aud  Veotilating  Eng., 

wllh  C  P.  Bates,  2S8  Went  Water  Si..  Syracuse,  aod 
88  Troup  St.,  Roche^ttr,  N.  Y. 

Kw,   80,  1888— Blakb.  Fhahcis  G Mgr.  Ponn.  Lead  Co.,  81  Fourth  Ave., 

Piilsburgb,Pa.,Bud  Ingram  8t»„  P.  C.  A  St.  L.  H'y,  Pt. 

llij    15.  18S9— BrjiKE,  Percy  M Civil  Engineer,  Hyde  Park,  Moss. 

Ui7    M.  1886— Blkloch,  Geo.  H SpringGcld,  Mass. 

litj    31,  1887— Hols,  Wm.   A Sbpt.  WeEtingltoose  Maoli,  Co.'b  Worka, 

Cor.  35tli  and  Liberty  Bts.,  and  4512  Uowe  81..  B.  E., 

Piltahurgh,  Pa, 

Mij    14,  1890— Boies,  H.  M Presl.  &  Jigr.  Bniee  Steel  Wheel  Co., 

&  MooBic  Powder  Co.,  and  530  Claj  Ave.,  Scrauton,  Pa. 

Om,     Ifl,  1B8S-B0LBI»I«ER.  C 68Kosh  St..  CLicago,  111. 

Aoj,    10.  1«81— Bond,  Gko.  M.*.,M'n'B'r  Gauge Dept.,  Pratt  &  WliiinejCo., 

and  141  WttshiDginn  gl.,  Hartford,  Conn. 

June    13,  ISS3— Boss,  Wsi.  H MsnngBr  the  Walker  Mfa.  Co.,  and 

227  Twenty -third  Av.,  Cleveland,  Ohio, 
Xf     31,  18&1— Boon  ABM,  J.  Van  Vorst — Engineer-in-01iie(,  Uavemejer 
St  Elder,  etc..  Sugar  Hefineries,  and  304  Lincoln  Place, 

Broi.klyn,  N.  T. 

May      8,  18W~Booth,  Tbomas  C T.  C.  Buolli,  14  Howard  St.,  and  127 

West  lath  St..  New  Yorlt  City. 

Maj     ao,  itiSO — BosDSK,  TsomabJ.) Free.  Ridutrd  Borden  Mfg.  Co., 

Fall  Hiver,  Mus. 

May     21,  1884~Bon>,  Ja8.  T Conslr.  Engineer  Atlantic  WorkB,  and 

160  Falmouth  St..  East  Boaton,  Mass. 

Nov.     29,  1887— BoTD,  John  T Qen.  Man.  Siearna  Mfg.  Co.,  Erie,  Pa. 

Miiy       8,  1888— Bbai,  CHarlbs  W Sec'y  The  Lloyd  Booth  Co.,  and 

820  E   Federal  St.,  Tonngslown,  Ohio. 
Aog.    10,  1831— Brady,  Jambb.. Man.  &  Treas.   Brady  Mfg.  Co..  York  and 

Washington  Sts.,  and  163  Lefferta  Place,  Brooklyn,  N.  T. 

Not.     80, 188(1— Brmob,  Chab.  C Joneaii  Laughlins,  Pi ita burgh.  Pa. 

Hay      14,  18W— Bristol,  W.  H Assist.  Prof.  Matliemntics,  Stevens 

Inst.  Tech.,  Hoboken,  N.  J. 

Not.     19,  1839— Bbittoh,  J.  W Pree.  Britton  Iron  &  Steel  Co., 

1516  Euclid  Av.,  a-.Te!and.  O. 

May     16,  1889— Broadbbint,  Cuarleb  L Eog'r  and  Des.  for  Knowles 

Putup  Works.  98  LibBrty  St.,  New  Tork  City. 

May     81,  1881— Beoadbknt,  Sidset Supl,  Dickson  Mf^;.  Co., 

Scran  loD,  Pa. 
May     31,  1881— BROOKS,  Edwin  C.  .  Engineer  Cambridge  W.  W.  Pumping 

Slatioii,  Cambridge,  Maes. 
Not.     11,  1885— Bbooks.  Mohoas.  .Sec.  and  Treas.    The  St.  Paul  0«8  Light 

Co.,  and  530  Holly  Av.,  St.  Paul,  Minn. 
May     13,  1889~Bboom,  Wm.  B.  .  .Chief  Eng'r  U.  3.  N.,  Richmond  L.  &  M. 

Works,  and  407  E,  Main  St.,  Kichmond,  Va. 
•  VhM-PiMldent,  lesS-W.  t  Maoager,  1888-Bl. 
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X  LIST  OF  HEMBEBS. 

Majr     21,  1834— Bbown,  A.  G Globe  Iron  Works,  Kesten,  Gilnow  Paik, 

Bolton,  Lancashire,  England. 
June    18,  1838— Brown,  Alexander  E.  .V.  P.  &  Man.  The  Brown  Hoisting 

and  Conveying  Mach.  Co.,  cor.  Belden  &  Hamilton  Sts., 

and  1151  Prospect  St.,  Cleveland,  O. 

May     14,  1890— Bbown,  Alex.  T Mech.  Exp't,  Smith  Premier  Typewriter 

Co.,  205  Slionnard  St.,  Sjriacuse.  N.  T. 

April      7,  1880— Brown,  C.  H C.  H.  Brown  &  Co.,  Filch  burg,  Mass. 

May     14,  1890 — Brown,  Chas.  S Sapt.  Shops  &  Instr.  Mach.  Des.  Rose 

Polytechnic  Inst..  Terre  Haute,  Ind. 
May     1"),  1889— Brueck,  Henry  T.  .Master  of  Mach'y,  Cumb.  &  Penua.  R.R., 

Mt.  Savage,  Md. 
Jane    20,  1880— Brush,  Charles  F.  .Electrical  Engineer.  71  Ontario  Street, 

Cleveland,  Ohio. 

May     27,  1885— Bulklby,  Henry  W Mech.  Eng'r,  Times  Building, 

Park  Row,  New  York  City,  and  E.  Orange,  N.  J. 

Nov.      2, 1883— Bullock,  Milan  C President  M.  C.  Bullock  Mfg.  Co., 

Rooms  509-510  Phoenix  BIdg.,  18  E.  Jackdon  St.,  and 

1187  Washington  Boul'd,  Chicago,  IIL 

April     7,  1880— Burden,  James  A Pies.  Burden  Iron  Co.,  Troy,  N.  Y. 

June    18,  1883— BURGDORFF,  Theo.  F.  {Life  Member) Passed  Assist.  Eiig. 

U.  C".  N.,  University  of  Tenn.,  Knoxville,  Tenn. 

Nov.     19,  1889— Burpee,  Geo.  H Eng.  &  Contractor,  53  Broadwjiy, 

N.  Y.  City,  and  530  Nostrand  Ave,,  Brooklyn. 

May     21,  1884— Burr,  John  T Mansion  House,  Brooklyn,  N.  Y. 

May     26,  1836— Butter  wo  UTH,  James.  .  .York  and  Cedar  Streets,  Philadel- 
phia, Pa. 

Nov.      2, 1882— Byllesry,  H.  M Westinghouse  EUc.  Co.,  Box  1000, 

Pittsburgh,  Pa. 


May     15,  1839 — Cadwell,  Wm.  D Agt.  Jackson  Co.,  21  Amory  St., 

Nashua,  N.  H. 

May     21,  1884— Caird,  Robert Managing  Director  Caiid  &  Co.,   Ltd., 

5  Newark  St.,  Greenock,  Scotland. 

Apiil     19,  lo82|  Caldwell,  Andrew  J Mech.  Eng.,  H.  R.  Worthington, 

May      14,  1390i  86  Liberty  St.,  N.  Y. 

Aug.    10, 1881 — Campbell,  A.  Hamilton.  .Curator  St.  Paurd  School,  P.  O. 

Box  370,  Concord  N.  H. 

Nov.     11,  1885?  Campbell,  Andrew  C Cliief  D'ftsnian  Furrell  F.  &  M. 

Nov.     19,  1889 f  Co.,  and  26  N.  Willow  St.,  Wnterbury,  Conn- 

Nov.      1,  1883 — Campbell,  Geo.  VV.  .Constr,  Eng.,  19.>  Broad  St.,  Newark,  N.J. 

May      14,  1890— Canning,  Wm.  Pitt Chf.  Dftsman.  Mach.  Dept.  Lowell 

Mach.  Shops,  and  6  Belmont  St.,  I^owell,  Mass. 

June    13,  1883— Capen,  Thomas  W Chief  D'tsman.  Eraser  &  Chalmers, 

Fulton  &  Union  Sts.,  and  227  Walren  Ave.,  Chicngo,  111. 
Nov.       1,  1883 — Carpenter,  11.  C. Assoc.  Prof,  of  Exp.  Mechanics,  Sibley 

College,  Cornell  Univ.,  Ithaca,  N.  Y. 

Nov.     19,  1889— Carse,  David  Bradley Gen.  M'gr.  Greenlee  Brop.  &  Co., 

225-2:J5  W.  12ih  St.  and  145  Ashland  Boulev.,  Chicago,  111. 
May      21,  1884— Caee,  C.  A..Ass't  Eng'r  U.  S.  N.,  Navy  Dept.,  Washington,  D.  C. 


jA.    1.. 
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Ibj     8,  1888-  3.  ..TUech.  Eng.,  caro  Carroll  &  Carroll, 

Att'yb-at-Law,  Biiminghain,  Ala. 
Hij    H,  1893— Cahtbb,  Vahx  . .  .Clit,   Depl.  Mecli.  Drawing  &  Mscb'?. 

84-36 StujresBiDt  St.,  N,  Y.,  and  181  Schermerlium  St., 

Brooklyu,  N.  Y. 
H»t    21,  1884 — CAR-nntioHT,  Rom        . .  .C.  &  M.  Eug.,  1  Hawthorne  St., 

Itoohosier,  N.  Y, 
Mij    IS.  1888— C*Br,  Albert  A.  .Mech.  Eng.  Gary  &  Mocn  Co.,  231  W.  2Btli 

St.,  N.  Y.  City. 

M«5    26,  1880— Catavaqh,  Joseph Eng.  The  Link  Belt  Eng'g  Co., 

Nicetuwn,  and  18tb  and  Vine  Sts.,  Pkiladalpliia,  Pa. 

Htj    i\,  18*1 — Ceaubeblcn,  FiiANiCLiM  L.  ...Soe'j  The  Variety  Icon  Works  Co., 

51-73  Soranton  Ave.,  and  OOO  Case  Ave.,  Cleveland,  O. 

ftui-  10, 1881— CniPKAS,  LUKB M.  M.  The  CoUins  Co.,  Box  84, 

CoUinsville,  Conn- 
N'oT.  %  1887— CHABaocK,  John  Hilton.  .Cons,  and  Eltg.  Engr,,  IS  Dey  St., 

New  York  City. 

Ko».     1,  laSS— Cbeskt,  WaltkrL Soo'y  Meriden  Mach.  Tool  Co.,  Box 

703,  and  120  Pleasant  St.,  Meriden,  Conn.,  also  55 

Iluyshope  Ave.,  BartFord,  Coiio. 
Set,    111,  1889 — CKBtBTtAKaeN,  Alfiisd.  ..  Mocb.  Eng.  &  8upE,  Qua  Works, 

U.  9.  Arsenal,  nnd  1231  Fltih  Av..  VV.  Troy,  N,  Y. 

Sot.     4,  1880— Chbistesses,  August  C Siipt.  Snow  S.  P.  Wks.,  C,  &  I. 

Eich.,  and  77  Wait  Utita  St.,  Buffalo.  N.  Y. 

Svt.    I!,  leSH — Cbsistir,  Jambs Pencoyd  Iron  Works,  I'eiicoyd.  and 

Wissahickoii,  Pbila.,  Pa. 

IS,  I88»— Cbkibtib.  W,  Wau.acs AbM:.  Eng'r,  Uamapo,  I.  W., 

Hillburn,  H.  Y.,  and  203  Summer  St.,  Paterson,  N.  J. 

April    7,  l8eO-CHUBCH,Wll.  Lbe» Westinghouse,  Church,  Kerr  &  Co.. 

S20  Atlantic  Ave.,  Boston,  and  Newton  Centre,  Mass. 
^OT.     4,  1880 — Chukchill,  Troxab  L.  ..Insurance  Inspector,  71  Eilby  St., 

Room  30,  Boston,  and  17  Fifth  St.,  Chelsea,  Mass. 

Iby     14,  1800— CiTi,  JosKFB  D Dea.  &  Cons.  Eng.,  Fiuhk ill  Landing 

Maeh.  Co.,  Fish  kill-on- Hudson,  N.  Y. 

%      8,  1888— Clabk,  Walter  L N.  Y.  Mgr.  Niles  Tool  Works, 

B8  Liberty  St.,  New  York  City. 

May     14,  189«>^-Clabk,  Walton Aasist,  Gen.  Supt.  The  Uniwd  Gag 

Inip't  Co.,  813  Dreiel  BIdg.,  Phila.,  Pa. 
M»y    ao,  1866— Clarke,  Alfred.  .Vice-Prest.  &  GenI,  Mgr.  The  Eastern  Elect. 
Light  &  Storage  Battery  Co.,  Lowell,  Mass. 

Nov.      2,  1882 — Clabke,  Chables  L Cons.  Eng.  &  Pateut  Expt,,  55 

Liberty  St.,  N.  Y.,  and  40  Walnut  St.,  East  Orange,  N,  J. 

June    IS,  1883— Clarke,  David M.  M.,  L.  V.  R.  R.,  Hazelton,  Pa. 

May     21,  1884— Clarkk,  Samuel  J Supt,  Eng'r.  Prov.  and  Stonington  S,  S. 

Co..NewPier8e,  N.  R„and205W.43dSt.,New  York  City. 

May      14,  1890— Clark k.  T.  C Cons.  Eng..  1  Broadway,  N,  Y.  City. 

May     14,  1890- Clawbon,  Lindb  P Sec'y  Black  &  Clawaon  Co., 

Hamilton,  Ohio, 

OcL     16,  1888— Clat,  John  Ridowat Hydr.  Eng.  and  D'Uman,  Smith 

&  Vaile  Co.,  Room  6,  2  East  Third  St„  Dayion,  0. 

•  Huiicer,  tt)S4-ST. 
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Xil  LIST  OF  MEMBEBS. 

May     26,  1886— Clements,  Wm.  L Industrial  Works,  Bay  City,  Midu 

June    20,  1880— Cloud,  John  W Mech.  Eng.,  31  White  Building, 

and  996  Main  St.,  Buffalo,  N.  T. 

Aug.    10,  1881— CoES,  Z.  B NUes  Tool  Works,  HamDton,  0. 

April     7,  1880 — CoooiN,  Frederic  G.».  .  .Supt".  Calumet  &  Hecla  Stamp  Mills, 

Lake  Linden,  L.  S.,  Mich. 
April     7,  1880— Cogswell,  Wm.  B,\,  .Gen.  Man.  Solvay  Process  Co.,  25  White 

Building,  Syracuse,  N,  Y. 
May      8,  1888— Cole,  Francis  J.  Chief  D'tsman  Mech.  Dept.  B.  &.  0.  R.  R., 

Mont  Clare,  Baltimore,  Md. 
Nov.      1,  1883— Cole,  J.  Wendell.. Detroit  Emery  Wheel  Co.,  P.  0.  Box 84, 

and  1217  East  Rich  St.,  Columbus,  Ohio. 

May      8,  1888 — Coleman,  Isaiah  B Foundry  and  Mach.  Shop,  State  and 

Church  Sts.,  and  353  West  7th  St.,  Elmira,  N.  Y. 

May     14,  1890 — Colrman,  John  A Mech.  Eug.  &  Commissiooer  Pablic 

Works,  Providence,  R.  L 

May      8,  1888— Coleman,  Wm.  H I.  &  M.  Wolff  and  Coleman, 

261  Dearborn  St.,  Chicago,  111. 
May     26,  1886— Collier,  R.  B.  Supt.  Columbus  Mach.  Co.,  139  W.  Broad  St., 

Columbus,  Ohio. 

May     26,  1886 — Collins,  Chas.  M Supt.  Studebaker  Bros., 

and  117  E.  Tutt  St.,  South  Bend,  Ind. 

April      7,  1880— Collins,  C.  C 10  Rowland  St.,  Newark,  N.  J. 

April      7,  1880— COLWELL,  Augustus  W.  .74  Cortlandt  St.,  and  365  W.  27th 

St.,  New  York  City. 

Nov.       5,  1880— CoMLY,  George  N Cons.  Mech.  Eng.,  Edgemoor  Iron 

Works,  Edgemoor,  DeL 

June     13,  1883 }  Conant,  Thomas  P General  Supt.  Coustr'n,  United 

Nov.      19,  1889  f  Edison  Mfg.  Co.,  65  Fifth  Ave.,  N.  Y.  aty. 

May      15,  1889 — Cook,  A.  S Maunf.  of  Machinery,  Colt's  West  Armory 

Hartford,  Conn 
Nov.     30,  1886 — Cook,  Frederic.  .Consulting  and  Mech.  Eng.,  57  Carondelet 

St..  Box  2524,  New  Orleans,  La. 
May      21,  1834— Cooley,  M.  E.  .Prof.  Mech.  Eug.  University  of  Michigan, 

and  33  Packard  St.,  Ann  Arbor,  Mich* 

April       7,  1880— Coon,  J.  S Prof.  Eng'g  School  of  Tech.,  Atlanta,  Ga." 

April      7,  1880 — Cooper,  John  H Mech.  Eng.,  Southwark  Foundry  and 

Mach.  Co..  4724  Springfield  Ave.,  Philadelphia,  Pa. 
April      7,  1880— Copeland,  Charles  W.J.  .24  Park  Place,  New  York  City, 

and  151  Columbia  Hts.,  Brooklyn.  N.  Y. 

April      7,  1880— Copeland,  George  M 24  Park  Place,  New  York  City. 

May      21,  18S4— Corbet  r,  Chas.  H Continental  Iron  Works,  and 

428  Lafayette  Ave.,  Brooklyn,  N.  Y. 

Nov.     30,  18S6— Corliss,  William Pres.  Corliss  Safe  Mfg.  Co., 

Providence,  R.  I. 

May      14,  1830- Corry,  Wm Supt.  Hall's  Safe  &  Lock  Co.,  Ciun..  O. 

Oct.       16,  18S8— Cornelius,  Henry  Robkrt Mech.  Eng.  Southwark 

F.  &  M,  Co.,  430  Washington  ave.,  and  Highland  Ave., 

Chestnut  Hill,  Philadelphia,  Pa. 

♦  Manager,  1S85-88.  t  Manager,  1880-82. 

t  Treasurer,  Dec.  2.  1581,  to  Nov.  7, 1884  ;  Vice-Pi-esident  Nov.  7,  1884,  to  Dec  2, 1886. 
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Aiij.   W,  1891— CowLBS,  WILLI:/ 

Aii|,    10,  1881— Cor.  J.  D..  Jr... 
Lnke  and  Girl  In 
April    7, 1880— Cosk.Ecki.etE   ' 
Hij    15,  I8SB — Lbamp,  Andiir^    D.  J  »  n.  >       ip  db, 

L  I  i'llllUlBt  ?». 

0(1.    1«.  1888— Obamp,  Enwiji      .       n.  *;       i 

S.  E.  &    i  .,  rmuaeii 

Mkj    31,  1887— CBiiNB,  WiLLM  '.  t  ucnedict  &  Burnu 

|.  lo.,        UaldK      dill,  WftterbniT,  C 
ilv    X,  Isas—CBBgLMAx,  W  ^■->  XM       rBuxlBeOo., 

MM  iiv  AmbTOM         BocfaMter,  N.  T, 
In;    It.  ISBBt^^Ulcni,  J  jam  M  ; .  :H-,  Bi -WoTthlngton  uydiftallo  Work*. 

So.  BkmAItu,  N.  T. 
Ur    n,.M»--CaoCkte,  J0S|ra..8apt  NOmT^I  Torka.Mdl(n8 

VIhb  St.,  HHuHlon,  Ohio. 
IH.  Ob  ini'-^'MMSr,«a(mnH.  ...Oioriij'  StMm  Oange  ud  Va1>«  Co., 

~ -n  OHvar  at,,  BosUm,  Hmir.,  and  Elm  Fkrm.  Albion.  He. 
Xir    -17.  rtW'  Ottwrmn^  Jamm  a.-..  .Co«I  md  Iron  Bielikiig«,  Baom  6, 
;0(icttradt  ud  Charcb  Bu.,  Now  Tort  dtj,  uA  Aitorin, 

L.  L,  K.  T.  * 

lf«r.    N,  1867— CkOWBLL,  LdtbkbC B.  Hoe  ft  Co.,  504  Gnnd  St.', 

New  York  City,  and  174  Hoop  St.,  Brooklyn. 
Miy  15.  18*%  I  CnoiKfBVNK,  Babtjs.  .Pres.  and  Assisi,  Man.  Brady  Mtff.  Co. 
May      14,  189jtrork  and  WashiugtonSts.,  and  306  Sa.Oifurd  St., 

Brooklyn,  N.Y. 

Not.     80. 1988— Cullrk,  James  S 96  Lake  St.,  Cliicago.  111. 

Miy      21,  1881— CULLIKOWOBTH,  Qao.  B 49  West  93d  St.,  New  York  City, 

Jane     18.  1883— CUUHBB,  F.  D. . .  .Cammer  Engiae  Co.,  38  Hawthorne  Ave., 

CleTeland.  Oliio. 
May      21,  1884— CcmfiNOS,  A.  G.  .Manager  Excelsior  Elect.  Co.,  Walnut  St., 
and  P.  R.  R..  HarrisburK,  Pa. 

Aug.    10. 1831— CuKTis,  Grak Cone.  Meeh.  Eug.,  612  and  613  Lewis  Block, 

Piltaburgb,  Pa. 
April      7,  1880— CUBHINO.  a.  W.  .Sapt.  M.  P.  andMach'y  tJ.  P.  Rj.,  Omaba,  Nob. 

May      27,  1883-Dagron,  Jaukb  G Eng'r  of  Bridges,  B.  ft  0.  Ry.. 

Baltimore,  Md. 

Oct       16,  1888— Dallbtt,  W.  P. . . .  Wm.  Sellers  ft  Co.,  Incorporated,  leth  and 

Hamilton  Sts.,  and  8306  Summer  St.,  Pliila..  Pa. 

Oct,       7, 1881— Dantohtb,  Albert  W  Engineer  and  Bupt.  Shan  glial 

Cotton  Cloth  Mills  Co.,  Sbangbu,  China,  alao  315  Bridge  St, 
Lowell,  Mass. 
May      28,  1888— Daniels,  Fbed.  H.  . . .  Washbnm  ft  Moen  Mfg.  Co.,  and 

130  Lincoln  St.,  Wo  roaster,  Mass. 
April     7, 1880— Daklet,  K  C P.  A.  U. 

■  TIce-Fiealdent,  1S80-61. 


X!V  LIST  OF  MEMBEBS. 

Majr      U,  1890— Daruhotoh,  F.  G.  .  .Supt.  I.  &  S.  Div.  C.  St  L.  &  P.  BV., 

Indianapolis,  Ind. 
Majr      14.  1890— 1  »A«niELL,  W.  W.  .Gen.  Mgr.  Sloss  I.  &  S.  Co..  and  17tU 

St.  near  8tb  Aye.,  Binningbam,  Ala. 

Nor.     80,  18S8— Davidsow,  Marshall  T Pumping  Macb'y.    43  Keap  St., 

Brooklyn,  and  108  St.  James  Place,  B'klyn,  N.  Y. 

June     20,  1880— Datie«,  R,  H M.  M.,  Plioenix  Iron  Worka,  PlioenixvilJe.  Pa. 

MajT      14.  1890— Davis,  Chab.  H Cons.  Eng.,  120  Broadwar.  and  576 

Lfexington  Ave.,  N".  Y. 

May      14.  1890— Davis,  Chb«teb  B Cons,  and  Hydraulic  Eng.,  549  *'  The 

Rookery,"  and  37«2  Lake  Ave..  Chicago,  Hi, 

April      7.  1880— Davis,  David  P Engineer  N.  Y.  Safety  Steam  Power  Co., 

30  Corilandt  St.,  New  York  City,  and  Allendale, 

Bergen  Co.,  N.  J. 

May      15,  1889— Davis,  D.  W , .  .Supt.  Buckeye  Eng.  Co.,  and 

258  Lincoln  Ave.,  Salem,  O. 

Nov.      4,  1881— Davis,  E.  F.  C Gen.  Mgr.  Richmond  L.  &  M.  Wks., 

Richmond,  Va. 
May      27,  1885 — Davis,  Isaac  H.   . .  .Westinghouse,  Churcb,  Kerr  &  Co., 

17  Cortlandt  St.,  N.  Y.,  and  Dorchester,  Mass. 

Nov.       4,  1880— Davis,  Joseph  P Phenix  Constrn.  Co.,  115  W.  38th 

St.,  Telephone  BMg.,  New  York  City. 

June     13,  1883— Dean,  Francis  W Const,  and  Expert  M.  E., 

!s7  School  St.,  Boston,  Mass. 

April      7,  1880 — Deanb,  Chables  P Treas.  Deane  Steam  Pump  Works, 

Uolyoke,  Mass. 

May      27,  18a5— Debbs,  J.  C M.  E.  and  Supt.  C.  &  G.  Cooper  &  Co., 

Mt.  Vernon,  Ohio. 
May  14,  1830 — Dblanbt,  Alexander.  .Mech.  Eng.  Richmond  L.  &  M.  Wks., 

Richmond,  Va. 

Nov.     11,  1885 1  Dent,  Edward  Linthfccm Dent's  Iron  Wks., Water  and 

Nov.     23,  1887)  33d  St.,  and  3101  N  St.,  Washington,  D.  C. 

May        4,  1881 — Dknton,  James  E*..  Prof.  Exper'l  Mech.  Stevens  Inst.  Tech., 

Hoboken,  and  83  Sipp  Ave.,  J.  C.  Hts.,  N.  J. 
May      14,  1890— Derbvshcrb,  Wm.  H....Mech.  Eng.  with  Bement,  Miles 

&  Co.,  2l8t  and  Callowhill  Sts.,  Phila.,  Pa. 

April      7,  i880— De  Schweinitz,  P.  B Steel  Works,  Colorado  Coal  and 

Iron  Co.,  South  Pueblo,  Col. 

Nov.     29,  1887— Db  Valin,  Charles  E Chf.  Eng'r  U.  S.  N., 

1308  New  Hampshire  Ave.,  Washington,  D.  C. 

Nov.     30, 1886— DrcBV,  Elmer  C Conatr.  Eng.,  68-70  W.  Monroe  St., 

and  1225  Lexington  St.,  Chicago,  111. 

May      21,  1884— Dickey.  Wm.  D Supt.  Albany  Street  Iron  Works, 

128  Washington  St.,  New  York  City. 
May      26,  1886— Dinoee,  W.  W...  Mech.  Eug.  J.  L  Case,  T.  M.  Co., 

and  1124  Main  St.,  Racine,  Wis. 

May      21,  1884— Dixon,  Chas.  A Supt.  Newburgh  Steam  Eng.  Works, 

Newburgh,  N.  Y. 
May      81,  1887— Dixon,  George  Edward.   .  .Mech.  Eng'r  The  John  Davis  Co., 

69-79  Michigan  St.,  Chicago,  lU. 

•  Manager,  188&-92. 
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WHm.     S.  1gS4— Dixon.  Robest  M Bag.  Safrtj'  Car  Hig.  and  Llghtiog  Cn., 

ISO  Broadway,  New  York  City,  ond  21  Walnut  St., 
Kaat  Oraiigp.  N.  J, 
Hi;    W,  IBM— Doawb.  Wk.  H.  . .  .Pres't  J.  A.  Pay  &  Co.,  267-385  Fr.int  8t., 

Cloclnnatl,  Ohio. 
Ntf      i,  18S1— DOBPOn.  W.J.U..Meeb.Bn£.,e«A1l>aii7Avc<.,Brook1yii,N.T. 

)U]    li.  1899— Dock.  Herxah Mecli.  ICiig.  Schllcter  Jute  CoT^age  Co., 

31  N.  FroDt  St.,  and  UDi  N.  Brond  St.,  Philad'-lpliio,  Pa. 

Mil    J1,1887— DoDPB.  Eunn D'teman,  CbtLndler  mid  Taylor  C^., 

161  Broednay  and  9^6  No.  Ddawmv  St..  IndUnapoliB.  Iiid. 

UtT    a,1!tftl— DoDOB,  JaubsM ChlorEng'r  Link  Belt  Eng'gCV>., 

SiceiowD,  and  £027  Arcli  St..  Philailelpbia.  Pa. 

Sot,     I,  1883— DONOTAH,  Wa.  F Miuutgtr  Tale  Ic  Towno  Mfg.  Co., 

152  ft  154  Wstnsb  Ave.,  (^i.kago.  111. 

Mij    13, 1969— DORAK,  William  9 Eng'r  wlili  H.  B.  Wonbiogtnn, 

145  Bftwdway,  end  113  Waverlv  Place,  Sew  York  City. 

Mil    21,  1X84- DocsLASB,  Wm.  M aen.Siipt,.  Iowa  Barb  Wire  Co.. 

Allentown.  Pa. 

MlJ    «.  1888- 1>0WSB,  HbhhtS IDS  Lake  St.,  Cbica^,  lil. 

HV    IS,  1RS&— Dhafxr,  T.  W.  Moroak Cbf.  Eng'r,  Atl.  and  DanvillB  Ky.. 

Porteiooutli,  &ud  Atlantic  Hoiol,  Norfolk,  Va. 

Ok,     16. 1888— Dhbwbtt,  Wm.  a Supt.  Davidson  Sim.  Pump  Co.,  ^1-51 

Keap  St.,  and  130  Riitledge  St..  Brooklyn.  N.  Y. 

SftJ    IB,  18SB— DiowN.  Fheberick  Euqbnk Aichitcci,  Mpch.  and  ("olton 

Mill  Eng'r,  177  Main  St. .and  22  Spring  St  ,  PawtanckBl.  R.  I. 
Mij    13,  1889- DtiCMiiosD,  D.  D..  Eng'r  Brovillp  1.  W..  35n--:;M  So.  Clinton 
St.,  and  B73  Claremont  Ave.,  (  hicago,  lil. 

A«g.    10,  1881— Drcmmono,  W.  W Prea.  Drummond  Mfg.  Co., 

Louisville,  Ky. 

lf«y    1«.  1890— Drtsoalb.  W.  A Coos.  Eng.,  1531  Areii  Si.,Phila.,  Pa. 

ipg.    10,  1881— DDBOI9,  A.  Jat  ILifd  Member)... Prof.  Civ.  Eng.  S.8.8.,  Yale 
Univ.,  New  HiiTen,  Conn. 

Jaoa    13,  188S~DuDLBT,  Chablbb  B Cliemiot,  Penn.  R.  K.  Co.,  and 

I3i9  Twelfth  Ave.,  Altoona,  Pa. 

Not.      1,  1883— DuKCAIf,  Johk Aast.  Supt.  Calumet  &  Heda  Mine, 

Calumet,  Houghton  Co.,  Micb. 

Not.       1,  1888— DiJRAHD,  Wm.  F Prof.  Mech.  Eng.,  Michigan  AgricuL 

Col.  (Lansing),  Ingliam  Co.,  Mich. 
April      7,  1880— DuRrKK,  W,  F.*.  .Oeueral  Manager,  Penn.  Diamond  Drill  Co., 
Birdaboro,  Berks  Co.,  Pa. 
May      31.  1887— DOTTOM,  C.  Setkour Gen.  Agent  and  Consulting  Eng,  Ham- 
ilton Works,  Wm.  Tod  &  Co.,  and  656  Bryron  St., 
Youngstown,  Ohio. 

Not,       B,  1884— Dc  Vn-LAKD,  Hesbt  A Mecb,  Eng'r,  Granger  Foundry  and 

Mach.  Co.,  Qaspee  and  Franc-is  Sts.,  ProT.,  R.  L 
May       8, 1888— Eabbt,  Francis  H.,.  .Mech.  Eng'r  Betts  Machine  Co., 

Wilmingion,  DeL 

Jnne     13,  1883— Eabtwick,  Qeoroe  S Louisiana  Sugar  Refining  Co., 

New  Orleans,  La. 
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April    19,  1882— EcKAUT,  W.  R.».  ...P.  O.  Box  1844,  and  217  Samson  St,  Booms 

2  and  3,  San  Francisco,  Cal. 

April      7.  1880— Edison,  Thos.  A.  {Life  Member) Orange,  N.  J. 

Jane     18,  1888 — Edson,  Jabvis  B  . .  Prop,  and  Mfg'r  Pr^ssare  Record'g  Gauges 

and  Exact  Apparatus,  87  Liberty  St.,  New  York,  and 

812  Uiiion  St.,  Brooklyn,  N.  Y. 
April      7,  1880— EoLESTO.N,  Tnos..  .Prof.  Metallurgy,  School  of  Mines,  Columbia 

College,  and  35  Wasiliington  Square,  West,  New  York  City. 

May     14,  1890— Ehbets,  C.  J Mech.  Eng.,  Colt's  Pat.  Fire- Arms  Co.,  and 

68  Washington  St.,  Hartford,  Conn. 

May     14,  1890 — Eiilebs,  Peter Mfr.  and  constr  ,  170  B'way,  Albany,  and 

Clinton  Heights,  N.  Y, 

Nov.      1,  1888 — Elmeb,  Chas.  F Eng.,  Founder  and  Machinist,  Fnlton  and 

Jefferson  Sts.,  Chicago,  HI. 
April      7,  1880— Ei,Y,  Theo.  N.f. .  .Gen.  Supt.  Motive  Power,  Penn.  B.  B.. 

Altoona,  Pa. 

Nov.     19,  1889— Elliott,  W.  E Chf.  Eng.  Goodrich  Transportation  Co., 

Manitowoc,  Wis.,  also  Chicago,  111. 

April     7,  18S0— Emkey,  Albert  H Civil  Eng.,  Stamford,  Conn. 

April      7,  1880— Emery,  Ciiahles  E.J.  .  .Consultintr  Eng'r,  22  Cortlandt  St., 

New  York  City,  and  370  Greene  Ave.,  Brooklyn,  N.  Y. 

May     81,  1887— Engel,  Louis  G Brooklyn  Sug.  Ref.  Co.,  and  238  Clermont 

Ave.,  Brooklyn,  N.  Y. 
Nov.      6,  1884— EwART,  Willtam  D  . .  .Consult.  Eng.  Ewart  Mfg.  Co..  11  So, 

Jefferpon  St.,  Chicago,  III.,  and  Pres.  Link  Belt 
Eng'g  Co.,  Nicetown,  Philadelphia,  Pa. 

May     31,  1887 — Ewen,  John  Meiggs Architectural  Engineer,  Boom  1142, 

The  Bookery,  Chicago,  III. 

April      7,  1880— Ewer,  Roland  G Supt.  Penu.  Salt  Mfg.  Co.,  Natrona, 

Allegheny -Co.,  Pa. 

April      7, 1880— Faber  Du  Faur,  A. .  Room  56  Vanderhilt  Bldg.,  132  Nassau 

St.,  New  York  City,  and  22  Nichols  St.,  Newark,  N.  J. 

May     16,  1889— Fairbairn,  W.  U Chief  Inspector  Hartford  S.  B.  Insp. 

and  Ins,  Co.,  Hyde  Park,  Mhss. 
May     26,  1886— Falkenau,  Arthur.  . .  .Mech.  Eng.  and  Macht.,  11th  St.  and 

Bidge  Ave.,  and  3214  Spencer  Terrace,  Phi  la..  Pa, 

Nov.      2,  1832— Farmer,  Moses  G Electrical  Engineer,  Mass., 

and  Newport.  R.  I. 
June    l:l,  1883 — Fawcett,  Ezra.  .Eng*r and  Prop'r  Alliance  Industrial  Works, 

Ely  Ave.,  Alliance,  Ohio. 

June     1:},  188 \ — Fay,  Bimmon  C Supt.  Remington  Arms  Co.,  11  ion,  N,  Y, 

May     27,  1885 — Felton,  Edgar  Conway.  .  .Supt.,  Penn.  Steel  Co.,  Steelton,  Pa. 

Oct.      16,  1888— FiCKiNGKB,  P.  J Chf.  Eng.  Carnegie,  Phipps  &  Co., 

Beaver  P'alls,  Pa. 

May      15.  1889— Field,  Cornelius  J Field  Eng'g  Co.,  15  Cortlandt  St., 

New  York  City. 

May     26,  1886 — Fingal,  Chas.  A Supt.  A.  Sandstrom  &  Co.,  cor. 

Root  and  La  Salle  Sts.,  Chicago,  HI. 

•  Vice-Prt'sident,  1883-85.  t  Manager,  1880-«2  ;  Vice-Preeident,  1881-82. 

X  Vice-President,  1881-83. 


LIST  OF  UEMBER8.  Xli£  J 

lli  1S8&— E^BUSTOKS,  Frame Easton,  P&. 

,  1884^Fi8nBB.  fnAB.  H Canton,  M»m. 

,  188G— FiTT,  Jaues Sopt.  Sliipmmi  Eug.  Co.,  Roi^becter,  N.  T. 

-FLiiiD.  FsEDKBiCK  C. .  ,N.  Y.  SIgt-  StilcB  &  Parker  PrESa  Co., 

203-207  Ctntre  Si.,  and  208  East  60(h  Sl„  N.  Y.  City. 

M.J    15.  1889— Flather,  Joan  J lostr.  Mecli.  Eng'g,  I^bigh  Unirereity, 

and  140  Market  St.,  Bethlebsm,  Pa. 
Sof,    W,  I8il»— Ff-BTCHEU,  ANPBSW.-Prest. andTieas.  W. 4  A.  FielcherCo.. 
3«6  West  St.,  and  15T  W.  73d  St.,  New  York  City. 

Sof.    19,  1889— Flktcheh,  W.  H CUf.  Dfiamnn  W.  &  A.  Fletcher  Co., 

a«e  West  St.,  New  York  City. 

Niii.   80,  1888— FoLOKtt.  William  Maihew Coram't  D.  S.  N..  Head  o( 

Ord.  Dept.,  NavjYard,  Waaliiogtou.  D.  C. 

Wif    in,  1SS8— FoBBKS,  Wm.  Ddndbroale Mech.  Eng'r.  Morristowii,  X.  J. 

%    M.  18*4— FoBD,  JobnD Engineer  Corpa,  U.  S.N.,  1522  W.  Lauvnle 

St..  Baltimore,  Md. 
iprii    T,  I»80— FoRNKT,  Matthcas  S..  .Ed.  R.  R.anil  Engineering  Journal, 

V)  Bfondway,  and  431  Fiftli  Ave.,  New  York,C[ty. 

%      i,  1881— Foitsrru,  Robert Cljf.  Eug.  IHinoia  Steel  Co.,  1085 

"  Bookery,"  Chicago,  111 
.»,  I,  188:1— FoasVTB.  William  •-.Mech.  Eng'rCB. 4  Q.  R.  R.,  Aurom,  III. 
%    26,  1888— FOBTSR,  C,  H, . .   Fraser  &  CUalnierB,  Fulton  and  Union  Sis., 

CUlcaffo.  111. 
Hji;      8,  1888— FoaTKR,  Wiiaiam  A. . .   Sopt.  Mo.  P.  and  Mach'y  Full  Broofc 
;CoaI  Co..  and  130  Eaet  8d  Si.,  Corning,  N.  Y. 

Mij     SO,  1886— FowLBR,  Oeo.  L 170  Broadway,  New  York  City,  N.  T. 

Maj     Si,  1884— Fowler,  Jotts Eagle  Biasa  Works,  325  Eighib  St.. 

I^nisvillp,  Kj. 

Oct.     16,  1388— Fowler,  Pebcival Min'g  and  Cons.  Eng.,  P.  Fowler  and 

Power,  16  St.  Helen'a  Place,  London,  E.  C,  England. 

Not.      6,  1884— Fbabcib,  Harrt  G Steam  Eng'g  Co.,  704  Arch  St., 

Philadelphia.  Pa. 

lUij     28,  1886 — Fraitcis,  Jae Agent  and  Chief  Eng'r,  Prop's  Locks  and 

Canals,  Merrimac  Riror.  23  Broadway,  Lowell,  Mass. 
May     21.  1884— Framcis,  W.  H.  . .  .Sec"j  Kenaington  Eng.  Wka.  (Ltd.).  Beach 
and  Vienna  Sts.,  and  1733  Maaler  St.,  Phila.,  Pa. 

Hay     26,  1886— Frasbr,  Datid  R FraaerA  Chalmers,  Fulton  and  Union 

Streets,  Chicago,  111. 

Uiy     26,  188S— Fbaseb,  Norvan  D Fraser  ^Chalmers,  Fulton  and  Union 

St  reeta,  Chicago,  111. 
Uiy     21,  1884— Prbblasd,  FraNCIS  T.  .Cons.  Mining  &  Mech.  Eng.,  Box  28, 

Leadville,  Col. 

May     81,  1887— Fbebman.  Johk  It Bog'r&  Spec.  Insp.  Assoc.  Factory 

Mut.  Ins.  Co..  31  Milk  St.,  Boston,  and  Main  St., 

Winchester,  Mass. 
May      13,  1889— Fbenoh.  E.  C.  .  .The  Rathbun  Co.,  and  Supt.  Deseronto 

Chemical  Wlcs  and  Qas  Co..  Deseronto,  Ontario,  Canada. 

May     27,  1885— Feick,  Abraham  O Frick  Mfg.  Co.,  Waynesboro.  Pa. 

May       4,  1881— Friti,  John  •. . .  .Chief  Eng.  and  Gen.  Supt.  Bethlehem  Iron 
■  Works.  Bethlehem,  Pa. 
•  Miniger,  lS88-ni. 
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April      7,  1880— Fuller,  Levi  K.  .  Vice-Prest.  and  Supt.,  Estey  Organ  Works, 

Brattleboro,  Vt. 

Nov.    29,  1887— Gage,  Howard,  Asst.  Eng.  U.  S.  N. . .-.  .Bu.  Steam  Eng'g, 

Washington,  D.  C. 

Nov.    30,  1886— Gale,  Horace  B Prof.  Dyn.  Eng'g,  Washington 

University,  and  3012  Lucas  Ave.,  St.  Louis,  Mo. 
April     7,  1880 — Galloupe,  Francis  E  . .  Mech.  Eng.,  30  Kilby  Street,  Boston, 

and  Cliff  Ave.,  Winthrop  Highlands,  Mass. 
May       8,  1888 — Gantt,  Henry  L.  . .  .Supt.  Casting  Dept.  Mid  vale  Steel  Wks., 

Nice  town  and  7  E.  Penn  St.,  Gmtn.,  Philadelphia,  Pa. 

May       8,  1888 — Garrett,  William Joliet  Steel  Co.,  Joliet,  HI. 

May     21,  1884 — Gaunt,  Thomas.  .Gaunt  &  Martinez,  Consult.  &  Contr.  Eng'r, 

&  Archit.  Amer.  Filtering  Press  Co.,  115  B'way,  N.  Y.  City. 
May     31,  1887 — Geogheoan,  Stephen  J  .Steam  Heating  Eng*r,  116  Wooster  St., 

New  York  City. 
May     21,  1884 — Geer,  James  H..  .Asst.  Eng.  Cambria  S.  &  I.  Co.,  and  58 

•  •  Somerset  St.,  Johnstown,  Pa. 

May     14,  1890— Gibbs,  Geo.  .Mech.  Eng.,  C,  M.  &  St.  P.  RR.,  Milwaukee,  Wis. 

May     21,  1884 — Giddtngs,  C.  M President  Sioux  City  F*dry,  Sioux  City,  la. 

April     7,  1880 — Gill,  John  L.,  Jr.  . .  .503  Woodland  Terrace,  Philadelphia,  Pa. 

May       8,  1888— Gillis,  H.  A Gen.  Pmn.  Office  M.  M.,  N.  Y.,  L.  E.  &  W. 

RR.,  Elmira,  N.  Y. 
May     15,  1889— Gilmore,  Robert  J...M'g*r  The  Allen  Fire  Dept.  Supply  Co., 

Providence,  R.  L 

May     26,  1886— Gobeillf,  Jos.  Leon 26  York  Street,  Cleveland,  Ohio. 

May     21,  1884— Gold,  Samuel  F Sec.  Gold  Car  Heating  Co.,  Bridge  Store 

No.  6,  N.  Y.  City,  and  Englewood,  N.  J. 

June    13,  1883 — Good,  Wm.  E Supt.  Southwark  Foundry  &  Mach.  Co., 

430  WashinjB^ton  Av.,  and  3800  Locust  St.,  Philadelphia,  Pa. 

Nov.     30,  1886 — Goodale,  A.  M Agt.  Boston  Mfg.  Co.,  Waltham,  Mass. 

Nov.     30,  1886 — Goodfellow,  Geo.  . . M.  M.  Penn.  Steel  Co.,  Steelton,  Pa. 

April     7,  1880 — Gordon,  Alex Vice-P.  and  Gen.  Man.,  Niles  Tool  Works, 

Hamilton,  Ohio. 
June    20,  1880 — Gordon,  Fred.  W.  .  .Gordon,  Stroebel  &  Laureau,  Mifflin  and 

Meadow  Sts.,  Phila.,  Pa. 
May     26,  1886— Goss,  W.  F.  M..  .Prof.  Prac.  Mech.,  Purdue  Univ.,  Lafayette, 

Ind.,  also  49  Rutland  St.,  Boston,  Mass. 
April      7,  1880 — Goubert,  Auguste  A. .  .Treas.  Goubert  MTg  Co.,  32  Cortlandt 

St.,  New  York  City,  and  735  Quincy  St.,  Brooklyn,  N.  Y. 

May     31,  1887— Gould,  W.  Y Supt.  C.  B.  Rogers  &  Co.,  Norwich,  Conn. 

May     20,  1880— Gowing,  K.  H Civil  and  Mech.  Eng'r,  70  Kilby  Street, 

Boston,  Mass. 

May     21,  1884— Graham,  J.  S J.  S.  Graham  &  Co.,  Rochester,  N.  Y. 

April      7,  1880 — Grant,  John  J Supt.  Simoiids  Rolling  Machine  Co., 

Fitchburg,  Mass. 

May      14,  1890 — Graves,  Erwin Chf.  Eng.,  Camden  Iron  Works,  and  519 

Linden  St.,  Camden,  N.  J. 
May     21,  1884 — Gray,  G.  A 481  Sycamore  St.,  Cincinnati,  Ohio. 

*  Vice-President,  1882-^. 
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M«i    U,  ISOO— Gray,  Thomas..  .Prof.  Djnaniic  Engineering.  Rose  Polytwh- 
nie  Inst.,  and  318  W.  7tli  St.,  Terre  Haut«,  Ind. 

April  1»,  1883  (  Gbkesb,  Isaac  C'hjsk Green  &  Prunty,  Ilopa  Bmas  Works, 

.\u<.    an.  I8S«  i  .  Baltimore,  Md. 

a*!    13,  IWIU— GitisE»B,  STEi-nBK.  .Lookwood,  Oreeno  &  Co.,  Mill  Arohts.  und 
Eug'rs,  BJbIUj  Bldg.,  131  Devunahirs  St.,  Boaton,  and 
Newton  Center,  Moss. 

Vij    14,  1800— Grebn,  SamcjelM Mech.  SupCMerrickTlkreodCo., 

Dolyoke,  Mass. 

Htr    !1,  1SS4— Gbeekitood,  J.  H Mooh.  and  Hjdr,  Eng'r,  146  Water  St., 

and  120  Clinton  St.,  Clereland,  Ohio. 

UK.    IB,  1888— Gums,  Jobs  H. CM.  D'tsman  Link  Belt  Moch.  Co., 

28  S.  Jefferson  St.,  and  355  W.  Adama  St..  Chicago,  lU. 

a«j    14, 18110— GEKooav,  Wh.  .Mfr.  Brass  and  Iron  Fillings  for  Sttam  EnKino 

Bldrs,,  eor.  Cannon  and  Stanton  Sts.,  N.  T.City. 

lUj    IJ.  1889— GBims,  BuoKSB Capt.  Corps  Eng'rs U.  S.  A.,  Gen.  Mgr.' 

Ky.  Dept.  ThooiaoQ  Houston  Elect.  Co.,  S20  Atlantic  Ave.,  and  330 
Beacon  St..  Boston,  Mase. 

Hiy    14,  isao— Gbimm,  Pacl  H Cht.  Eng.,  Nafl  Sturth  Co., 

Glen  Co™,  L.  I.,  N.  T. 

So*.     (1.  1884 — GoiKNBLL,  Fbedebick* Pros.  Providence  Steam  and 

Gas  Pipo  Co.,  Providence,  R.  I. 

19,  1889— Gbist,  B.  W Genl  Supt.  and  Eng.  Peun'a  Iron  Works, 

Fiftieth  St.  and  Merion  Ave.  and  4712  Girard  Ave,  Phila.,  Pa. 

H,  1886— QaiBWOLB,  Frank  L Cons,  Eng,,  443  Calle  Peru,  Buenua 

Ayres,  Argent.  Rop.,  S.  A, 


1880— Haoue,  Chables  a Mech.  Eng'r,  86  Liberty  St.,  H,  R. 

Worthinglon,  New  York  City  and  Hackensack,  N.  J. 

1881— Him  AuiBBT  Pttiscis George  F.  Blake  Mfg.  Co., 

3rd  St.,  E.  Cambridge,  and  8  Cordis  St.,  Cbarleatown,  Mass. 
1989— Hall,  WiLLisE.-Asst.M.-M.  P.  R.  ItandBoji  505..\ltoon8,  Pa. 

1882 — HALSEr,  P.  A Sherbrooke,  Quebec,  Can. 

1885— Halbei,  JA9.  T Park  House,  Murristown,  N,  J. 

1884— Hauhbr,  Alfred  E Supt.  MsU.  Iron  Fittings  Co., 

Branford,  Conn. 

1888— HAMHKrr,  Hirak  G Mgr.  Entate  P.  W.  Bicbardson, 

464  Eighth  St.,  Troy,  N.  Y. 
1884 — Hammond  Geo.  W.. Fiber  Manufacturer,  Yarmouthville,  Me., 

and  Hotel  Hauiillon.  Boslon,  Mass, 
1888— Hand,  Fbank  Ludlam,  .Gen,  Supt.  PLila.  Bureau  of  Water, 
Juniper  and  Fill>ert  St,a.,  and  1943  N.  I8tU  St.,  Philadelphia,  Pa. 

1882— Hand,  S.  Ashton Gen.  Supt.  Pascal  Iron  Works, 

Morria  Taaker  &  Co.,  Icpd.,  1601  3.  Fiftli  St.,  and 

1030  S.  Broad  St.,  Pliiladelpbia,  Pa. 

188B— Handben,  Jobn  W Daiidreu  &  Robins,  Steam  Eiig'rs 

and  Dry  Docks,  126  Washington  St.,  New  York  City. 

1886 — Hanson,  AtjeusTOS Cons,  Eng,,  Leonard  Si  Izard  Co.. 

KtaJto  Bldg.,  Cbicago,  III.,  nnd  Box  83,  Maplewood,  III. 
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XX  LIST  OF  MEMBERS. 

May     81,  1887— Bardie,  Robert.  . . .  Asst.  Mech.  Eng.,  De  La  VergDe,  Refr. 

Mach.  Co.,  foot  of  E.  138th  St.,  and  1007  E.  141st  St., 

New  York  City. 
May     2t,  1884— Harmon,  Orville  S.  .Supt.  of  Constr,  for  P.  Lorillard  &  Co., 

Jersey  City,  N.  J.,  and  818  Monroe  St.,  Brooklyn,  N.  Y. 
May      14,  1890 — Habbis,  Johk  H.  .  Vice-Prest.  and  Gen.  Man.  Worthington 

Pumping  Engine  Co.,  145  Broadway,  N.Y.  City. 
April    19,  1882— Hartman,  Johk  M.  . . .  .Mech.  Eng.,  1235  N.  Front  Street, 

Piuladelphia,  Pa. 

Nov.     11,  1885 — ^Hahtshobnb,  William  D Supt.  Worsted  Department, 

Arlington  Mills,  and  500  Broadway,  Lawrence,  Mass. 
May     21,  1884— HAWKINS,  John  T.*  Pres.  Campbell  Printing  Press  &  Mfg.  Co., 

Taunton,  Mass. 

May     27,  1885— Hayes,  George Hayes  Skylights,  71  Eighth  Avenue, 

New  York  City. 
May     15,  1889— Hatward,  Fred.  H  . .  .Williams  &  Potter,  15  Cortlandt  St., 

New  York  City. 
April     7,  1880— Haywabd,  H.  S.  . .  .Supt.  Motive  Power,  United  Railroads  of 

N.  J.  Div.  P.  R.  R.,  Jersey  City,  N.  J. 

Nov.      2,  1882 — ^Hazard,  Vincent  Q D'tsman,  The  Pusey  &  Jones  Co., 

and  602  West  St.,  Wilmington,  Del. 

Nov.     19,  1889 — Heogem,  Charles  O Supt.  Eng.  Dept.  Russell  &  Co.  and 

215  E.  South  St.,  Massillon,  0. 

April     7,  1880— Hbmenway,  F.  F Ed.  American  Machinist,  96  Fulton  St., 

New  York  City,  and  109  Palisade  Ave.,  J.  C,  N.  J. 

May     21,  1884— Hemphill,  James Mackintosh,  Hemphill  &  Co.  (Ltd.), 

foot  12th  St.,  Pittsburgh.  Pa. 
May     27,  1885— Henderson,  Alexander,  Chf.  Eng.  U.  S.  N.,  Navy  Yard, 

Boston,  Mass. 

June     13,  1888— Henney,  J.  B 93  Bird  St.,  Boston,  Mass. 

May     21,  1884— Henney,  John,  Jr Gen.  Supt..  Mo.  P.,  N.  Y.,  N.  H.  & 

H.  R,  R.,  and  276  Orange  St.,  New  Haven,  Conn. 

Nov.       4,  1880— Henning,  Gustavus  C Box  22,  Johnstown,  Pa.,  and 

ConsuU'g  Eng'r,  18  Cedar  St.,  New  York  City. 

May     81,  1887— Henry,  William  Thomas C.  and  Mech.  Engineer, 

Fall  River.  Mass. 
May       4, 1881— Hbnthorn,  John  T.  .Remington  &  Henthorn,  Mech.  Eng'rs, 

P.  0.  Box  1271,  and  146  Westminster  St.,  Room  21, 

Providence,  R.  I. 
Nov.     19,  1889— Herdman  Frank  E.  .M.  E.  Hale  Elevator  Co.,  Cahimet  Bld'g, 

189  La  Salle  St.,  Chicago,  and  La  Grange,  Ul. 

May     27,  1885— Herman,  Ludwig Cons.  Eng.  and  Expert,  29  Euclid  Ave. 

and  242  Bell  Ave.,  Cleveland,  Ohio. 

May     21,  1884— Herreshofp,  John  B HerreshofE  Mfg.  Co.,  Bristol,  R.  I. 

April      7,  1880— Herrick,  J.  A Room  146  Kemble  Bldg.,  15  Whitehall  St., 

New  York  City. 

May     15,  1889— Hershey,  Martin  E Supt.  F.  &  M.  Dept.,  Harrisburg 

Car  Mfg.  Co.,  and  31  S.  Third  St.,  Harrisburg,  Pa. 
April     7,  1880— Hewitt,  WM.f . .  .Vice-Pre.s.  and  Eng'r  Trenton  Iron  Co., 

Trenton,  N.  J. 

*  Maaager,  1866-80.  t  Maaager,  1881-87. 


Sir.     1, 1S83— HiBB&BD,  Hbsbt  D Bspt.  HahmNtnli  Steri  On,  95th  aiul  .' 

Bmallm&D  Sta.,  ftnd  41B  Penn.  Av«.,  nUabUKh,  Pi.. 
miM  WMt  Boibnij,  Mtm. 

IS.  t»«9— HiBBARD,  TnoxAS. . . .  M.  E.  And  Ohf  Dftamtra  Dune  StoMn 

Pump  Woi^  and  aS»  Beach  SL,  HtAfoke,  V»m. 

4. 1880~Rioeise,  Milton  P....Bnpt.  Wuhbnn  Uaeh,  8h^ 

ud  228  Weal  St.,  Wanmtn,  Hmk. 

1.18621  HiooTSB,3j^CBi. Kr.  M.M.,  N.  T.,  P.  ftO.  RB., 

lb;    S7.  ISSuf  lfMdvUto,Pl> 

SuT.  n.  1887— HII.DBDP,  W.  T. . .  Aisnriou  Befrig.  Mad  Ctaiitni.  Oo., 

Box  608,  HarrUbnrg.  Pa. 

S&r     8, 188S— HiLDRDP.  W.  T.,  Jb Sup*.  Oar. -Wheal  DepL  Hb^.  Car  , 

Mfg.  Co. ,  Box  008,  HarriKbn^,  Pa 

Jaw  30,  188<V-Hii.L.  H.   A." IMOUTer  Street,  Boaton,  Kaas. 

K^  SI,  ise-t— Hiu,,  JiMKs  W  . .  .M.  H  ft  Car  Bnlldn,  PKiris  ft  Pekia 

nnton  R'j  Co. ,  Peoria,  1)1. 
Mij    31. 1S84— Hn,!,.  Wabren  E....V.  P.  CoaUBental  In»  Worlt^ 

Bnoklyu,  N.  T. 
13  )  niLL.  WiLLiAu.  .AEHt.  BapU  CoUini  Co.,  and  P.  O.  Box  196, 
Hi;    ir,,  lg.S9  (  CDlIlDHTUle,  Conn. 

%     8, 1I48A— HtLLABD.  Char.ls<i  J Uech.  Bnff.,  Box  S8I,  Plttebnigli,  Pk. 

Mi;    U.  1830-HII.LE3,  T.  Allex.  .  .rioe-Prert.  Tlie  HUlea  and  Jonee  Co.. 

Wilmington.  DeL 

itm  H  18»— Hmamnt.  Gtbtat Naral  Arehlteet.  470  Greene  Ave., 

BroeklTli,  N.  I. 
Uf.  U^lSSl— HCMBS,  A.C....Sapt.  U'DionUetantcCartrldgeCo., 

Bridgepart,  Conn. 

iiM   13,  18S8— Hob,  Bobbbt B.  Hue  &  Co.,  504  Grand  and  Columbia 

Streets,  New  York  City. 

^J    24,  188d~HoLl.AiiD,  John Agt.  Coclieca  Ufg.  Co.,  and  113  Locust  St., 

Dorer,  N.  H. 
'pril    T,  I860)  Hollerith,  HsBMAn  ...Expert  &  Sol.  ot  Patents. 
Judb   18,  1893 1  Room  48,  Atlantic  BIdfr.,  Waahington,  D.  C. 

'<)B«  13. 1S88 — HoLLiNOB WORTH.  SuuNER. . .  .38  Federal  Street,  and 

5  Fuirfietd  Street.  Boston,  MasB. 
"V    21,  leSl—HOLLIB,  Ira  N.,  Asat.  Eng.  U.  S.  N.... Union  I.  W., 

Sen  Francisco,  Cal 
April     7,  1880— HOLLOWAY,  J.  P.f.  .143  Broadway,  Boi  2237,  and  230  West 

SOtli  St..  New  York  City 

Od.     16,  1888— HoM.T,  Fbabk  W Eng.  aud  Supt.  Holly  Mfg.  Co,,  and 

251  High  St.,  Lockport.  N.  T 

On.     IS,  1888— HoLXBOE,  Lbonbaiu)  C.  B Chief  D'tsman  Illinois  Steel  Co., 

1038  Eookery,  and  4404  Cottage  Grove  Ave.,  Cliicngo,  HI. 

April      7,  1880— HOLHES,  Isaac  V Beloit,  Wis. 

April    IS,  1883— HoBNio,  JuuDa  L T  Mandevllle  Avenue, 

Jersey  City,  N.  J. 
Sm.    30,,1886— HoBKUHO.  Gbo.  .Civ.  Hydr'c  and  Mech.  Eng..  30  Ebsi  4tli  St., 
CinciQQsii,  Ohio,  and  232  Fifth  St.,  Newport,  Ky. 

May     81,  1887— Hobtoh,  Jahs.i  A Supt.  Eng.  "  Howard  Metallic 

Brush  Co.,"  12  Pearl  St.,  Boston,  and  Reading.  Maas. 
•  Muiagn,  186S-aS.  t  Freaideut,  i884-8S ;  Manager.  ltiS0-S3. 
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XXU  LIST  OF  MEMBEB& 

Nov.      5,  1880 — HowAiiD,  Chables  P James  L.  Howard  &  Co., 

Haptfoid,  Conn. 

May     26,  1886— Howe,  Henry  M.   Cons.  Metallurgist, 

287  Marlborough  St.,  Boston,  Mass. 

Nov.    19. 1889— Howell,  Edward  I.  H M.  E.,  220  S.  4th  St.,  and 

4636  Gmtn  Ave.,  Phila.,  Pa. 

April    19,  1882— Hugo.  T.  W Gen.  Mgr.  Hartman  Electric  Co., 

aud  221  6th  Ave.,  W.  Duluth,  Minn. 

May     15,  1889— Hughes,  E.  W.  M Loco,  and  ('ar  Dept.,  N.  W.  State  R'y 

of  ludia,  and  Fox  Solid  Pressed  Steel  Co.,  1004  The 

Rookery,  Chicago,  111. 

May     15,  1889— Humphrey,  John Pres.  and  Oen.  Mgr.  Humphrey 

Mach.  Co.,  and  400  Main  St..  Keene,  N.  H. 

Nov.      6.  1884— Humphreys,  Alex.  C Gen.  Supt.  United  Gas  Imp'm't  Co., 

813  Drexel  Bldg.,  5th  and  Chestnut  Sts.,  and  Chestnut  Hill, 

Philadelphia,  Pa. 

Nov.     19,  1889— Hunt,  Alfred  E Prer*.  Pittsburgh  Redaction  Co., 

95  5th  Ave.,  and  272  Shady  Ave.,  E.  E.,  Pittsburgh,  Pa. 

Nov.    11, 1885 — Hunt,  Charles  Wallace  (Lift  Member) 45  Broadway, 

New  York  City. 

Nov.    30,  1886 — Hunt,  Joseph Min.  Elng.  and  Pres.  Allentown  F.  &  M.  Co., 

3d  and  Walnut  Sts.,  Allentown,  Pa. 
April      7,  1880— Hunt,  Robert  W.*.  .  .Robert  W.  Hunt  &  Co.,  lusp.  and 

Cons.  Eng.,  631  **  The  Rookery,"  Chicago,  111. 
May      14,  1890— Hunter,  Geo.  E  . .  .Assist.  Supt.  Elgin  Nat'l  Watch  Co., 

and  W-atch  St.,  Elgin,  111. 

May     15,  1889— Hunter,  J.  S Erection  Dept.   H.   R.    Worthington, 

86  Liberty  St.,  N.  Y.  City. 
April      7,  1880 — Hutton,  Frederic  R.  .  Adj  Prof.  Mech.  Eng.  School  of  Mines 

Columbia  Coll.  and  Secretary  f  of  the  Society,  12  W. 

3l8t  St.,  New  York  aty. 
May     27,  1885— Hyde,  Charles  E.  .  .Marine  Eng'r  Bath  Iron  Works,  Bath,  Me. 

Nov.      6,  1884 — IDE,  Albert  L Prop'r  and  Eng.  Ide  Engine  Works, 

Springfield,  111. 

May     15,  1889— Idell,  Frank  E Mech.  Encr'r.  41  Dey  St.,  New  York  City. 

May       4,  1881 — Illingworth,  Joseph  J Chief  Eng.  Utica  Steam  Cotton 

Mills,  Utica,  N.  Y. 
May     27, 1885— Inslee,  Wm.  H 50  Spruce  Street,  Newark,  N.  J. 

May     27,  1885 — J ACOBi,.  Albert  W.  .  Mech.  Engr.  Judson  Pneumatic  St.  Ry. 

Co.,  45  Broadway,  New  York  aty,  and  286  S.  6th  St., 

Newark,  N.  J. 

May      15,  1889 — Jacjobus,  D.  S At^st.  Prof.  Experimental  Shop  W*k  and 

Mechs.,  Stevens  Institute,  Iloboken,  N.  J. 

May     14,  1890 — Jarvis,  Samuel  E Mech.  Eng.  and  Mecli.  Supt.  Jarvis 

Engine  Co.,  809  Vine  St.,  Lansing,  Mich. 
May     27,  1885 — Jenkins,  John.  .  .Milton  Iron  Works  Rolling  Mills,  Milton,  Pa. 

Nov.     11,  1885 — Jenkins,  W.  R Jenkins  &  Lingle,  Engrs.  and  Machsts., 

Bellefonte,  Pa. 

♦  Manager,  1883^-85.  t  1883  to  ISUO. 


LI3T   OF    MESIBEHS. 

Jlij    15. 1889— Jekkb,  Wilmam  H DynMiiln  EngV.  Brootville.  1 

.S"i.    Ifl,  198B— Jkwett,  L,  C...  .Erie  City  Iron  Worli«,  Erie,  Pa-,  and 

1*1  Wirbiirton  Ave..  Yonkere,  N. 
Mir    li,  18B0— JonMSKs,  Cabl  A...,Cht.  D'tiaman,  U.  R.  Wonhiiigtoii 

Hydraulk  VVorka.  Sn.  Brooklyn,  N,  Y, 

Mil    31,  latM—JointeOK.  C.  R...Pres.  and  »en.  Man.  The  JoIiuniu  RR.  Signal 

Co.,  lUhw«y.  N.  J.,  and  1S5  West  58tU  SI,.  N,  T.  CUy. 

kpil    1. 1880 — JosKBON,  Lswiii Preg.  JoliiiHon  1,  W.  Limited, 

P,  0.  Box  1300.  and  BTi  Emtn  St..  New  Orlesss,  La. 

Ut;    H,  1S9D— JoBHBoN,  NltB Mech.  Eiig.,  1458  FraDciBSl..  uad  3,103 

So.  JoHeraon  Ave.,  St.  Louis,  Mo. 

Sm,   IS.  1860 — JoHNSOM,  WarshsS Eng.  and  Mgr.  Jnl.nson  Elect. 

Ser?ice  Co.,  113  Clyboum  St,,  and  ai37Tedar  Si., 

Milwaukee.  Wia. 

iprtl  I».  1883— JowssON,  \Vnj.iAU 6^)7  F  St.,  N.  W.  Waati'DKioii,  D.  C. 

in*.    1%  leSl-JoSBs,  David  P....Ch!.  Eng.  U,  S.  N.  Say,  Traln'g  Sia.. 

Newport,  R.  I. 

%    la,  1889-^OSB9,  Edwahd  a E   H.  Jones  J:  Co.,  Eng'n.  and 

;  CoDtraelorx.  S33  River  St.,  and  6»  Kentiard  St, .Cleveland,  a 

Mi;    U,  18»0— Jobeb,  Edwin  H.  ,Presl.  and  Gun.  Mgr.  Vulcnn  Iron  Wk?., 

Wilkesburre,  Pa. 
%    H,  1890-JoKBa,  F.  R.... Mech.  and  Elect.  Eog.,  VVe*HTn  Eng.  Co.. 

Kearney,  Nebraska, 

M*r     i,  ]t)81— ToHXS,  Henbt  C Hlllna  &  Jonea,  131S  Delaware  Are.,  | 

I  Wlhulngton,  Del. 

''      Mt;    1*.  ISBO— JONB!i.  Jons  T Mlniug  Supt.  Irnn  MouHlain,  Midi.,  and 

Prest.  BeBsemer  Spike,  Nail  and  BUple  Co., 

40  Dearborn  St.,  Chicago,  HI. 

ipill    T,  1880- laNEB.  WABHtsaiOtl* Snpt.  Port  Richmond  I.  W,, 

3S57  Ricbmond  St,,  and  1683  No.  15th  Street,  Philadelphia,  Pa. 
%  it,  1886— To^Bi,  W^.  B. .  .Prest.  and  Qea.  M'n'gr  C.  E.  Jones  &  Broa. 

28-33  Court  Sc.  and  02  Fnlioa  Ave..  W.  H., Cincinnati,  O. 

Sot.  S).  1887— Jones,  Willis  C Mech.  and  Cons.  Eng.,  Jones  &  Mack, 

S  West4lh  St.,  Clncinnaii,  0. 

^|>T,    30, 1887— Jordan,  Sauuel  8 Hull  D'taman,  The  Wm.  Cramp  &  Sana, 

a.  &  E.  B.  Co.,  031  Spruce  St.,  Phila.,  Pa. 

Not,    19,  188fr— Eafbb,  John  C Passed  Asst.  Eng.,  U.  S.  N.,  Morgan  Iron 

Works.  »(b  St.,  E,  B.,  N.  Y,  City,  and  88  E.  49th  St..  N.  Y. 

Jus    IS,  188S— Eaffenbebsbb,  Gubtat M.  E.  The  Central  Paper  and 

Fiber  Co.,  171  Seneca  St.,  and  188  Waverly 

Ava.,  Cleveland,  O. 
Hsy    21,  1684— Eane,  JOHN....J.  8.  Graham  &  Co.,  and  200  Lyiill  Ave., 

Rochester,  N.  Y- 

Not.    80,  1886— Kbbi.bb,  Jci.Ian  A Oenl.  Mgr,  Colorado  Fuel  Co., 

1657  Larimer  Si„  DonTer,  Col, 

Hay     15.  1889— Keller,  John  A.  .M.  E.  and  D'ftaman  Black  and  Clanson  Co.. 

and  136  No.  C  St.,  Hamilton,  Ohio, 

Kay    37, 1885— Kblly,  0.  W Supt.  The  O.  S.  Kelly  Co.,  Springfield,  0. 

•  Xanacer,  1890-81 ;  Vtce-Presldeat,  IBei-lUW. 
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May     26,  1886— Kbmpsmith,  Frank Prest.  Kempsmitli  Mach.  Tool  Co., 

and  881  Robin pon  Ave.,  Milwaukee,  Wis. 

May     31,  1887— Kent,  Edmund M.  M.  Cbapio  Mine,  Lock  Box  23, 

Iron  Moantain,  Miclt. 
May     15,  1889— Kent,  Ellis  C.  .Mgr.  Bethlehem  F.  &M.  Co.,  So.  Bethlehem,Pa. 

April     7.  1880— Kent,  Wm* Cons.  Eng.,  125  Times  Bldg.,  N.  Y..  and 

Passaic,  N.  J. 
June    20,  1880)  Keppy,  Frederick  . .  .Supt.  and  Eng.  Warner  Bros., 
May      15,  1889)  79  Gregory  St.,  Bridgeport,  Conn. 

May     26,  1886— Kerb,  Walter  C Westinghouse,  Chnrcb,  Kerr  &  Co., 

17  Cortlandt  St.,  New  York  City,  and  496  9th  St., 

Brooklyn,  N.  Y. 
June    13,  1883— Kettell,  Charles  W.  . .  Geo.  F.  Blake  Mfg.  Co.,  Boston, 

and  3  Brewster  Street,  Cambridge,  MasB. 

May     26,  1886— Kimball,  Hiram Mgr.  F.  B.  Dept.  Cleveland,  City  Forge 

and  Iron  Co.,  Cleveland,  Ohio. 
May     27,  1885— Kinder,  J.  J.  de.  .  .Cons.  Eng.,  901  Walnut  St.,  and  626 

N.  11th  St.,  Phila..  Pa. 
Nov.    30,  1886— King,  Chas.  C.   .  .Supt.  C.  W.  Hunt  Co.,  P.  O.  Box  169, 

West  New  Brighton,  Richmond  Co.,  N.  Y. 
Aug.     10,  1881 — King,  Charles  I. . . . .  .Prof.  Mech.  Prac.  Univ.  of  Wis.,  and 

Madison,  Wis. 

Nov.      5,  1880— KiRBY,  Frank  E Eng.  Kirby  Bros.,  Detroit,  Mich. 

Nov.      2,  1882 — KiRCHHOFF,  Charles Iron  Age,  66  Duane  St.,  N.  Y.,  and 

369  Union  St.,  Brooklyn,  N.  Y. 
Oct.      16,  1888 — Kirk,  Wm.  Addison  Lyle.  .Ludlow  Valve  Co.,  309  Fanning 

St.,  Chattanooga,  Tenn. 

May     26,  1386-rKiRKEVAAG,  Peter Chief  D'tsman  and  Mech.  Eng., 

Wm.  Tod  &  Co.,  Youngstown,  Ohio. 

Aug.     10,  1881 — Klein,  J.  F Prof.  Mech.  Eng.  Lehigh  University, 

P.  0.  Box  495,  and  357  Market  St..  Bethlehem,  Pa. 
May     14,  1890 — Kneass,  Strickland  L.  .Mech.  Eng.  with  Sellers  &  Co.,  1600 

Hamilton  St.,  and  2228  Pine  St.,  Phila.,  Pa. 

May     21,  1884— Knight,  Chas.  A BHbcock  &  Wilcox  Co.,  107  Hope  Street, 

Glasgow,  Scotland. 

Nov.    19,  1889— Knous,  Franklin  F Mfr.  Crochet  Needles,  Greystone, 

Conn. 
Nov.    29,  1887— Krause,  Arthur.  .  Arch't  and  Chf.  D'tsraan  F.  O.  Matthiessen 

&  Wiechers'  Sugivr  Ref.,  Washington  and  Essex  Sts., 

and  185  Summit  Ave.,  Jersey  City,  N.  J. 

May     21,  1884-=-IiADD,  James  B Mech.  Eng.  Penn  Steel  Co.,  Sparrows 

Point,  Baltimore  Co  ,  Md. 

Nov.     29,  18S7— Laforge,  Fred'k  Henry Ch'f  Insp.  Conn.  Mut.  S.  B. 

lupp.  &  Ins.  Co.,  Waterbury,  Conn. 

May      15,  1889— Laidlaw,  Wai.tkr V.  P.  and  Mgr.  Laid^aw  k  Dunn  Co., 

Mtrs.  Pumping  Mach.,  Hydr.  Mach.,  etc..  Pearl  and  Plum 

Str(»ets,  Cincinnati,  Ohio. 
May     31,  1887— Lambert,  Wilbur  C.  .Mech.  Eng'r,  Room  7.  Mitchell  Bldg., 

828  Chapel  St.,  and  :^4  Clark  St.,  New  Haven,  Conn. 

*  Vice-Preeident,  1888-90  ;  Manager,  1885-S8. 


i  i  j;5  ^;  , 


NasliTilla,  Tenn. 

kfA  ^  1880-^LAni,  J.  S. .  •  .OeQ.  Supt.  M.  0.  Ballock  Mfg.  Co., 

PlM»lxBIdg.,  ClhittigiviiL 

Itfi^  mi  ^BB^^hAmtWUMi  O.  A. Gen.  Man.  Bobb  Closet  Co.,  Msin  and 

KeekBta.,  and  Btatioii  C,  Cnefnaati,  CHOa, 
Bor.    a»1680*-^l4ajaj^GaBr<aso....]hxrf.  Tli««r^AApp,M«^ 

•Meek.  Bng^g,  Masa.  Inatltate  of  Tecbn.,  Boeton,  Maas. 
Ib^   li,  1880— IiAPS,  W.  B. .  •  .Meeh.  Bng.  Porter  Mfg.  Co.,  Ltd.,  and  407 

'TnfOe  Bt,  SyifacaM,  N.  Y. 
Mi^    %  1888^Ij4«Ki]ir»  AlSD.  A.  ;Bi^lk  P.  AlUs  &  Co.,and  547  Jaekeon  St.. 

Milwaukee,  Wla. 
Mtf    4  tSMMCiJ^tnnatli  LoDia 0.  .Metallurgical  Bag.,  60  Washington  Sq.  So., 

New  York  d^^ 
Im.  II,I088"  LATAii,  Qwo.  IXB.  .Chi  IVftaman  Knowlea  Steam  Pump  W'ka, 

Warren,  Maas. 
Biv.  m^  1888^La.Tflir^  Oao.  In .  ^ . .  *M.  B.  Yale  &  Towne  Mfg.  Co., 

1(»«  154  Wabash  Ave.,  Chicago,  BL 
Ifa^  fT,  1885-^l>4wxaxini,^.  P.  Btvabt,  P.  A  B.,  n»  a  N. . .  .Mary  Tazd, 

Norfolk,  Va. 
i|i9  .  9,  t680*-*IiB4TiR,  B»  ^.f. .  JS  Central  SqnaM,'  and  817  Harvard  St., 

Cambridgeport,  Maaa. 
l&r '  81^  1887-^tta¥irr«  BkuvK  M. ....  .7.  P.  B.  W,  Blisa  Co.  W'ka, 

f  17  Adams  1^.,  Brooklyn,  N.  Y. 

April  19, 1883— LnCAK,  Willzav  T Supt.  Acid,  Wax  and  Candle  Depts., 

Tide  Water  Oil  Co.,  P.  0.  Box  220,  and 
Ave.  A  and  Linden  St.,  Bajoone,  N.  J. 

M17    14,  1890 — Leonard,  Arthur  G A^st.  to  Supt.  M.  P.  and  Rolling 

Stock,  N.  Y.  C.  &  H.  R.  RR.  Co.,  Room  14, 
Grand  Central  Depot,  N.  Y.  City. 
April     7,  1880— Le  Van,  W.  Barnbt.  . .  .Consulting  Eng'r,  8607  Baring  Street, 

Philadelphia,  Pa. 

Miy    31,  1887— Lewis,  James  F Rand  Drill  Co..  23  Park  Place,  and 

128  West  59tU  St.,  New  York  City. 

Mtj    21,  1884— Lewis.  John  L Ch'rman  &  Gen.  Mgr.  of  Lewis  Foundry  & 

Machine  Co. .  and  Craig  St. ,  Pittsburgh,  Pa. 
May    14,  1890— Lewis,  Rollin  C.  W.  .Supt.  Springer  Torsion  Bal.  Co.,  147 

8th  St.  ,and  1^  W.  Hamilton  PI.,  Jersey  City,  N.  J. 
May     21, 1884— Lewis,  Wilfred.  .  Asst.  Eng.  for  Wm.  Sellers  &  Co.  (tcptd.), 

and  8234  Powelton  Ave.,  Philadelphia,  Pa. 

May     26,  1886— LiEB,  Jno.  W.,  Jr Chf.  Eng.  Edison  E.  L.  Co.,  4  Via  Sta. 

Radegonda.  Milan,  Italy. 

June    13,  1883— LiPB.  Charles  E Mf r.  ,111  Holland  Street, 

Syracuse,  N.  Y. 

May     27, 1885— Livermore,  Charles  W Middlesborough,  Ky.,  and 

Athletic  hub,  104  W.  55th  St.,  New  York  City. 

May     15,  1889— LoCKE,  Warren  S Prof.  Mechanics,  R.  I.  Sch.  of  Design, 

6  Pallas  Street,  Providence,  R.  I. 

•  Vlce-Preddent,  1885-fi6.  t  President,  1882-83. 
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May     14,  1890— Lodge,  Wm Vice-Prest.  &  Gen.  Mgr.  Lodge  &  Davis 

Machine  Wks.,  6tb  St.  &  Eggleston  Ave.,  Cinn.,  O. 
Jane    20,  1880 — Logan,  Wm.  J. .  .Logan  Iron  Works,  Commercial  &  Clay  Sts., 

Brooklyn,  N.  Y. 
April    19,  1882— LORiNG,  Charles  H.*.  .  .Chief  Eng.  U.  S.  N.,  Navy  Yard, 

N.  Y.,  and  239  Clermont  Ave.,  Brooklyn,  N.  Y. 

Nov.    80,  1886— LuDLAM,  Jos.  S Agt.  Merrimac  Mfg.  Co.,  Lowell,  Mass. 

April     7,  1880— LYira,  Lewis  P M.  E.  Jas.  Beggs  &  Co.,  9  Dey  St.,  and 

807  Grove  St.,  Jersey  City,  N.  J. 

Nov.    30,  1886— McBeide,  James.  . .  .Supt.  N.  Y.  Dye  Wood  Extract  and 

Chemical  Co.,  146  Kent  St.,  Brooklyn,  N.  Y. 

May     15,  1889— McClatchey,  A.  F Chief  D'ftsman  Wabash  R'lw'y, 

Lock  Box  676,  Springfield,  111. 

May     15,  1889— McDufpie,  Charles  D Agent  Manchester  Mill?, 

Manchester,  N.  H. 
May       4,  1881— McElroy,  Samuel.  .Consulting  Eng'r,  Room  89, 170  Broadway, 

N.  Y.  City,  and  50  Johnson  Street,  Brooklyn,  N.  Y. 

Nov.      2,  1882— MoEwBN,  J.  H Ridgway.  Pa. 

May       8,  1888 — McRae,  John  D Supt.  Morris  Machine  Wks., 

Baldwinsville,  N.  Y. 

Nov.      1,  1888— MacFarland,  Walter  M.,  U.  S.  N Bu.  Steam'Eog^g 

Navy  Dept.,  Washington,  D.  C. 

May     14,  1890— Mack,  John  G.  i) Mech.  Eng.  Jones  &  Mack,  5  W.  4ih  St.,  * 

and  119  W.  5th  St.,  Cinn.,  O. 

May     14,  1890— McKinney,  Robt.  C Sec'y  &  Treas.  Niles  Tool  Works, 

Hamilton,  Ohio. 
Nov.      1,  1888— Mackinney,  Wm.  C.  .Supt.  H.  W.  Butterworth  &  Sons,  York 

and  Cedar  Sts..  and  2316  E.  York  Street,  Philadelphia,  Pa. 

May     21,  1884— Magruder.  Wm.  T Prof.  Mech.  Eng.,  Vanderbilt  Univ., 

Nashville,  Tenn. 

May     15,  1889 — Mahon,  Wm.  L.'E D'ftsman  and  Mech.  Eng.  Frontier  Iron 

and  Brass  Works,  and  254  Jos.  Cam  pan  Ave.,  Detroit,  Mich. 

May     21,  1884 — ^Mahony,  James Mech.  Eng.,  245  Broadway, . 

New  York  City. 
May     81,  1887 — Maillepert,  Gustave  Jacques.  .Supt.  Erection  N.  Y.,  N.  H. 

&  H.  R.  R.,  and  245  Hallock  Ave.,  New  Haven,  Conn. 
Nov.    11,  1885— Main,  Charles  T.  .Supt.  Lower  Pacific  Mills,  Lawrence,  Mass. 

Oct.      16,  1888— Manchester,  Alfred  E C,  C,  C.  &  I.  R^K.  Co.,  Fort 

Wayne,  Ind. 
May     21,  1884— Manning,  Chas.  H.  .P.  A.  Eng.  U.  S.  N.,  Supt.  Amoskeag  Mills, 

Manchester,  N.  H. 
May     81,  1887 — Mansfield,  Albert  K.  .  Asst.  Supt  Buckeye  Eng.  Co., Salem, O. 

May     14,  1890 — Margedant,  Wm.  C Prest.  &  Mgr.  Bentel  &  Margedant 

Co.,  Hamilton,  O. 

May     27,  1885 — Martens,  Ferdinand India  Rubber  Comb  Co., 

College  Point,  L.  I. 
May     14,  1890 — Martinez,  Manuel  J. .Mech.  Eng.,  115  Broadway,  N.  Y.  City. 

Nov.      5, 1880 — Mason,  William Supt.  Eng*r  Winchester  Repeating 

Arms  Co.,  and  15  Dixwell  Ave.,  New  Haven,  Conn. 

♦  Vice-President,  1885-87. 
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S"r.     1.  1J183— Matlack,  David  J. .  ..Snpt.  Pounilry.  I,  P,  Morris  &  Co.,  and 
L&ughome,  Buclu  Co.,  Philadelphia.  Pa. 

Sot.     fl,  1883 — Mattes.  Wu-liam  F Gen,  Ugr.  West  Superior  Iron  & 

Stvc-I  f<>.,  VVeel  Sniierior.  Wis, 
M»j    )S.  1889— Uatticb,  Asa  M.  . .  .P.  A.  E.  U.  S.  N,.  3  Cwitrel  Square. 

Cambrid^piirt.  Mahb. 
Anj,    10, 18S1— Mat,  Dk  CoimCY.  .1.  P.  Morris  tt  Co.,  and  1330  Spruce  Street, 

Philadelphia,  P». 
%    II,  t8SQ— Miij:.En,  Kswih  D.  ,Supt.  Curtis.  Davis  Jt  Oo..  1S4  Broadwa;, 

and  31  Essex  St.,  Cam  bridge  port,  Mua. 
Hit    M.  1890— Msllci.  Carl  J. . .  .Chf.  DFtsman.  RlchmnDd  L.  k  M.  Works. 
nod  810  E.  Leigh  St.,  KicIimoDd,  Vn. 

Afitl     7.  1880— HELmf,  David  N LinoleamvillQ,  Staten  lalaod.  N.  T. 

NiT      *.  IBSl— Merrick,  J.  VacohaH  ' Roiborough.  Philadelphia,  Pa, 

Sot.    IB,  188S— Mrskhte,  Joun  W M.  E.  Yale  &  Towns  Mtg,  Co., 

Stamford,  Conn. 
Nor.     I.  1883— MESiiUtBR,  HlU^RT  . .  .Sapt.  Ma.  P.  Calumet  and  llecla 

Mining  Co.,  CBlnniet,  Midi. 
April    T,  lf«0— METCAiy,  Wm  t. . . . .  Miller,  Melcaif  &  Parkin,  Pitteburgh,  Pa. 

Hij    M.  1886— Mktcalfe.  Hkitbt Capt.  o(  Ordnance,  U.  8.  A. , 

Went  Point,  N.  Y. 

H«;    «,  1887— Metcalfe.  Johm Moch.  Eng.,  D'tKUiao,  and  Pat.  Expl., 

Wooiisoctec,  H.  I. 

Xv    SI,  1887- MBTidi,  J.  G.  As^tOLD Meoh.  Eng.  Amrr.  Maehi.. 

96  Fulton  St.,  N.  Y..  and  133  Fair  8t„  Patemn.  N.  J. 
Mv    W.  1886— MiDDLKTOK,  Hahvkt.  .  .Supt.  .Mo.  p.  and  -Mfl.:h.  r.  p.  H.R„ 

Omaiia,  Neb. 
Not.    SS,  1887— Milkb,  Fbbdehick  B.  . .  .Bement,  HilM  &  Co.,  Slat  and 

Callowhill  BtB.,  and  1716  Walnot  St..  Phitadelphia,  Pa. 
H^      4, 1881— MnxBB,  Alexaitdbb.  . .  .Brown  &  Miller,  Hadiou  and 

Morris  Sta.,  Jersey  City,  N.  J. 

Ha;     14,  1890— UIU.BB,  PaSD,  J Associate  Editor  Americaa  Maehinitt, 

96  Fulton  St.,  N.  Y.  City. 

May     IB,  1889— Hn.LEB,  JAMES  S Hech.  Eng.  &  Chief  D'fsman  Steams 

Mfg.  Co.,  and  927  E.  Slat  St.,  Erie,  Pa. 

Jnne    18, 1883— Hiu^XB,  LRBBira  B Supt.  The  Singer  Mfg.  Co.,  and 

1033  E.  Jersey  St.,  Eliiaheth,  N.  J. 

June    18,  1888 — MiUiEB,  Lewis Aultman,  Miller  &  Co.,  Center  St. 

R'y  Crossing  &  Oak  PL,  Akron  Ohio. 

Utj       6.  1888— BflLLEE,  T.  SPBircEii Mecli.  Eng.,  96  Liberty  St., 

Neir  York  City,  and  285  Quincy  St.,  Brooklyn,  N.  T, 

May     98, 1886— Miller,.  Walteb Mecb.  Eng.  Globe  Iron  Works, 

8S  Liberty  St.,  CleTeland,  Ohio. 

May      28,  1886— Hinot.  H.  P Prop.  Industrial  Mach.  Wks,  and  66  Vine  St., 

Columbus,  Obio. 

May     21, 1884— MiRKo.,  Thomas  H.,Js.  ..Mecb.  Eng.,  SonthwarkF.A  M.  Co., 

430  Wasbtngton  Ave.,  and  838  Mo.  40th  St.,  Philadelphia.  Pa. 

Mov.      1,  1883— HoFFAT,  EDWAKDS..Qen.  Man.  Lackawanna  Iron  and  Coal  Co., 

and  306  Quincy  Ave.,  Scranton,  Pa. 

85.  t  Tlce-Preiidspl,  ISStM. 
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1886— MoHR,  Louis.  . .  .Cons.  Eng*r,  John  Mohr  &  Son, 

32  to  42  lUiDois  Street,  Chicago,  lU. 

1886— M029AOHAN,  Wm.  F Eng.  Dept.  U.  8.  111.  Co.. 

Times  Bldg.,  and  169  E.  6SHh  St.,  N.  Y.  City. 

1889— MONTOOMERY,  fl.  M Chief  D'ftsman  Mach.  Dept. 

N.  Y.  and  N.  E.  R.  R.,  Norwood,  Maw. 
1890 — ^MooRB.  A.  G...Sapt.  &  Engineer  Cinn.  Water  Wks.,  Cinn.,  O. 

1890— Moore,  D.  G Vice-Prest.  S.  L.  Moore  &  Sons  Co., 

**  Crescent  Iron  Wks.,"  Front,  Marshall  &  Franklin  Sts., 

Elizabeth,  N.  J. 

1886 — Moore,  Enos  L Eng*r  and  Contractor,  Portsmoath,  O. 

1882— Moore,  John  W Chief  Engineer  U.  S.  N.,  Navj  Yard, 

Mare  Island,  Gal. 
1885)  Moore,  W.  J.  P.  .Worthington  Pumping  Engine  Co., 
1888 )  153  Queen  Victoria  St.,  London,  E.  C. ,  England. 

1886 — MORAVA,  Wbnsel Supt.  Bouton  Foundry  Co., 

89th  and  Winter  St.,  and  5621  Monroe  Ave.,  Chicago,  111. 

188S— MoKEAU,  EcoENE Cons.  Eng.  Siemens-Lungren  Co.,  2l8t  St. 

and  Washington  Ave.,  and  Hotel  J^fajette,  Philadelphia,  Pa. 
1881 — Morgan,  Charles  H.*..  .Eng.  and  Contr.,  25  Lincoln  St., 

and  28  Catharine  St.,  Worcester,  Mass. 
1881 — Morgan,  Joseph,  JiLf. .  .Chf.  Eng.  Cambria  Iron  Works, 

and  10  Morris  St.,  Johnstown,  Pa^ 

1881 — Morgan,  James Supt.  Structural  Dept.  American  Iron  & 

Steel  Co.,  and  2204  Carson  St.,  Pittsburgh,  Pa. 

1882— Morgan,  Thomas  R..  Sr.J President  and  Treas. 

Morgan  Eng'g  Co.,  Alliance,  Ohio. 

1884— Morgan,  T.  R.,  Jb Sec'y.  &  Gen.  Mgr.  Morgan  Exig'g  Co., 

Alliance,  Ohio. 
1882— Morris,  Henry  G.§.  .  .Eng'r  and  Mach't,  926  I>rex;8l  Bldg., 

PhUadelphia,  Pa. 

1886— Morrison,  Wm.  A Chief  Eng'r,  Ix>we]l  Mfg.  Co., 

P.O.  Box  373,  Lowell,  and  9  Felton  St.,  Cambridge,  Mass. 
1884 — Morse,.  Ch  AS.  J  as.  . .  .Morse  Bridge  Co.,  Yonngstown,  O., 

and  821  27th  St.,  Denver,  Col. 

1884— Morse,  Chas.  M Mecli.  Eng.,  228  Pearl  St.,  and 

292  Franklin  St.,  Buffalo,  N.  Y. 
1880— Morton,  Henry | ... Pres.  Stevens  Inst.  Tech.,  Hoboken,  N.  J. 

18S5— MucKLE,  M.  Richards,  Jr Mech.  Eng.,  212  Drexel  Bld^.. 

and  1722  Pine  St.,  Philadelphia,  Pa. 
May     26,  1886 — Mullen,  John.  . .  .Propr.  and  Gen.  Man.  Shamokin  I.  W., 

Shamokin,  Pa. 
May      14,  1890— Ml^ller,  Edward  A. .  .Vice-Prest.  and  Supt.  The  Bradford 

Mm  Co..  Cinn.,  O. 

Nov.     11,  1885— Mulleu.  Maurice  A Chf.  D'tsnian  and  Mech.  Elng. 

U.  S.  E.  I.  Co.,  Weston  Factory,  and  451  Broad  St., 

Newark,  N.  J. 
8,  1888— MUller,  Tkile  H.  .Cons.  Enjr.,  Geo.  M.  Newhall  Eng'g  Co., 

136  So.  4th  St..  and  12:^8  So.  Broad  St.,  Phila.,  Pa. 
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♦  Manager,  1S81-S7.  t  Vice-President,  1886-W.  t  Manager,  1886-88. 

S  Vicc-I'ret'idcnt,  1887-89.  I  Vice-President,  188»-84. 


zfflT  or 

lucn.  ■>  .Bnpt.  Pdif  Mid  UmL 
Wo      ,  ud  Qaeeo  City  Hotel,  Cninberlftnd,  MA. 
•Stt.    4,1830— Mukfbt.Bdtabd  >....HMh.ftOoDnili'ffEDg.BBrtftnd 

t.  Inep.  ft  Infl.  Co.,  idd  13  Oiqiltol  Art.,  HutfOrd,  Oona. 

f  Urn  11,1888— MOBUT.&W Hnmri  Ooogil  ft  Co., 

Hilton,  Northanb^ud  Co.,  Pk. 

^„,    4,1830— Kasle,  A.  F....Medi.  Eng..Pii  9J       .  SpriDkler 

Co.,  lift  UMTt>  at.  Chleago,  HL 

April    7, 1890— NiaoH,  CaeiiStos       •-...?  '      '. 

71  1  n         And.  T.  atj. 

Sot.  IB.  18»»-Nati<m,  Emibst  1    ...X  Mdi      ,  X.  Y.  City, 

sit,  n,  1867— Natlob,  John  S&i  ...  Uo.,       .yeriy 

A'      kD(t  ure  ar        ClevelMid,  0. 

Miy    11, 1830— Nbite,  Jo3.  8....9«w'y.         Tn       xu«  ffait 

Ar  Ixira  uo.,  Unii.,  O. 

Sm.    ],  18S3— Newooxb,  Cbas.  L.  . .  .Bnpt.  Deuie  1  sad 

I  r      St.,  t^olF 
■V    liI890-NioflOL3.  Frisk  L...  n.J      1 

Dyn.  (     I'      ,  71  ,  a.  i.  Cltj. 

Hf,    M, ISSft—N'tcHouoa,  Datio  1        ..■'  pt.      ll'g 

:        .  -o..  Lock  Box  v,       alUm,  Pa. 

lor.    S,  1882— XiOHOLsOK, Stepb       .v. t. ua  freu. Niehol  ilannu. 

Mason  and  BeTer^        .,  and  19  Ctaoige  St,,ttO'      euoe,  R.  L 

^    J,  ipiO— Nicholson,  W.  T...P  file  Co.,  andl7BKnn)oU 

Bt.ProvideiiM,  K.  L 

KoT.    1^  188E^IflOOLL,  Ckah.  U.  . .  .Cfaf.  Enfc.  BallantlnB'H  Brawerr,  and 

280  High  St.,  Newark,  N.  J. 

V*j    81,  1887— Nicou-a,  Jabpbr  Oliver W.  J.  Xicolls  &  Co., 

310  So.  Tliird  St.,  Phila..  Pa. 

Not.    11,  1885— NlCOLUo,  Wm.  J Treaa.  IironaCoal  Co.,  216  8.  M  St.. 

PbiUdelphiB,  Pa. 

Jiuw    30,  18S0— NORMuf,  Geo.  H.  {Life  Afember.) 343  Beacon  SU,  Boston. 

Mass. 

Jnoe    18, 1883 — Nobtos,  Hakold  P Asst.  Eng.  U.  S.  N., 

Bureaa  of  Steam  Engineeiiog,  Nnv;  Dept.,Wasliil)gtoii,  D.  C. 

KoT.    so,  1886— O'Cos NELL.  John  C,  . .  .Prap'r  Cotton  Compreaa,  anil 

110  M'lulroii  St.,  Montgomery,  AU. 
April      7,  1880— Odbll,  Wk,  H.  . .  .Mech.  Eng'r,  135  Buena  Vista  Ave.. 

Tonkera.  N.  T. 

Uiy      14,  18B0— Otib,  Spencer Geo.  Mgr.  KaDaaaCity  Switch  &  Frog 

Co.,  805  Mercantile  BIdg.,  Kansas  City.,  Mo, 
Miy     31,  1887— Owes,  Pbederick  N  . .  .CSv.  and  San.  Eng.,  13  William  St. 

N.  Y.  City. 

Not.    so,  1886— Packard,  L.  . . .  Master  Car  Builder  N.  Y.  €.  &  H.  It.  RIt. 

Car  Shops,  and  N.  Y.  C.  Ave.,  West  Albany,  N.  1. 

Jane    13,  1888— PalMSE,  Gborob  E 84  So.  Canal  Street,  Chicago.  111. 

Jane    13,  1888— Pakkhubbt,  JohhF Gen.  Man.  Otobo  Iron  W'ks,  Centre 

and  Spruce  Sta.,  and  303  Franklin  Ave.,  Cleveland.  O. 
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Nov.      6,  1884— Pantalaoni,  Guido.  . . .  Westinghouse  Elect.  Co., 

Amer.  Cent.  Bldg.,  St.  Louis,  Mo. 
May     15,  1889— Pabk,  William  R.  . .  .Supt.  and  Mecli.  Eng.  Park  Mfg.  Co., 

34  Beach  St.,  Boston,  Mass. 
May     26,  1886 — Parker,  Chas.  D.  .  .Crompton  Loom  W'ks  and  110  Green  St., 

Worcester,  Mass. 

Nov.    11,  1885 — Paukbr,  Charles  H Edward  Kendall  &  Sons,  and 

802  Harvard  St.,  Cambridgeport,  Mass. 

April    19,  1881— Parker,  Walter  Edvtard Agt.  Pacific  Mills,  and  217 

Haverhill  St.,  Lawrence,  Mass. 

April     7,  1880— Parkhurst,  E.  G Asat.  Supt.  Pratt  &  Whitney  Co., 

and  50  Sumner  St.,  Hartford,  Conn. 
Aug.    10,  1881 — Parks,  Edward  H.  . .  .Mech.  Eng.  Brown  &  Sharpe  Mfg.  Co., 

Providence,  R.  £. 

May     15,  1889— Parsons,  Frederick  W Supt.  B.  W.  Payne  &  Sons, 

and  851  Columbia  St.,  Elmira,  N.  Y. 

May     27,  1885 )  Parsons,  Harry  de  B Consult'g  Eng., 

May     31,  1887  f  85  Broadway,  Room  70,  N.  Y   City. 

May     21,  1884— Parsons,  Willard  P..  .Walter  A.  Wood  M.  &  R.  Machine  Co. 

Hoosick  Falls,  N.  Y. 
Aug.     10,  1881— Partridge,  Wm.  E.  .Insp.  2d  Dist.  B'd  of  Health,  43  Bleecker 

St.,  New  York  City,  and  Passaic  Bridge,  N.  J. 
Oct.      16,  1888 — Passbl,  George  W..  .Chf.  D*tHman  and  Des.,  J.  A.  Fay  &  Co., 

Cincinnati,  O. 

Nov.      2,  1882— Patton,  William  Henry Supt.  Broken  Hill  Mines, 

Broken  Hill,   N.  S.  Wales,  Australia. 

April   19,  1882— Payne,  David  W Payne  Eng.  Co.,  Elmira,  N.  Y. 

May     21,  1884 — Peabody,  Cecil  H Associate  Prof.  Steam  Eng  g  Mass. 

Inst,  Tech.,  Boston,  Mass. 

Nov.    19,  1889— Pearson,  F.  S CTif.  Eng.  Elect.  Dept.  West  End  St.  li'y, 

81  Milk  St ,  Boston,  Maps. 
Nov.    29,  1887— Pearson,  Wm.  Anson,  Jr.  .Supt.  Boies  Steel  Car  Wheel  Wks., 

620  Adams  Ave.,  Scran  ton.  Pa. 

Nov.    30,  1886— Pearson,  W.  B Man'g'r  in  Chicago  A.  L.  Ide  &  Son, 

25  Third  Ave.,  Chicago,  111. 

May     14,  1890— Peck,  Staunton  B Assist.  Chf.  Eng.  Link  Belt  Eng'g  Co., 

Nicetown,  Fhila.,  Pa. 

Nov.    29,  1887 — Peirce,  Wm.  Henry Supt.  Marine  Installations,  United 

Edison  Mfg.  Co.,  65  Fifth  Ave., New  York  City. 
Nov.     19,  1889— Pendleton,  J.  H.  . .  .Pendleton  &  Thomas,  Expts.  and  Cons. 

Engs.,  121  Nassau  St.,  N.  Y.  City,  and  601  Hamburg 

Ave.,  Brooklyn,  N.  Y' 
May     21,  1881— Pendky,  Wm.  Allen.  .Hoffman  Mach.  Co.,  65  Farnsworth 

Street,  Detroit,  Mich. 

April     7,  1880— Penney,  Edgar Gen.  Supt.  Frick  &  Co.,  Waynesboro',  Pa. 

May      15,  1889— Penruddock,  J.  H.  . .  .Chf.  D'fsnian  Loco.  Shops 

C.  &  G.  T.  R'J'y,  Fort  Gratiot,  Mich. 
May     27.  1885— Perkins,  George  H.  .  .Atlantic  Ref.  Co.,  413  So.  Broad  Street. 

Philadelphia,  Pa. 

May     14,  1890— Perry,  Nelson  W Elect.  Eng.,  23S  Auburn  Ave., 

Cinn.,  O. 


^^^^^H  LIST  OF  HC^fBEBS.  xxxl 

iptH     T,  1990— PXHBT,  Wm.  a H.  B.  Wortliington.  86-88  Liberty  Street, 

Buil  Box  2227,  New  York  City. 
M»j    a',  1885 — Pbilipb,  FaBDcrASD. . .  .Philips  Townsend  Co., 

No.  Pcan  Juticlioo,  sud  505  North  Slst  St.,  Pbiladt'lphia,  Pa. 
l^.    10,  1881— Phillipb,  FBAtiKi.is....S«n'eaa:  Phillips  Iron  Works, 

Newark.  N.  J, 

Aug.    10,  1881— PaiLUPS,  QaoHaE  H Mecb.  Edj.  Hewes  4  PMIlii)s  Iron 

Works,   Newarb,  N.  J. 

^ril     7,  1880— PiCKEKiNQ,  Thomas  B Pickering  Governor  Co., 

Portland,  Conn. 

Ott.    18,  1883— PiEBCK,  NoRUAN  M Prest.  West  NuaUvillB  Hy., 

39  Baxler  Court,  Nashville,  Tenn. 

.     8. 1882— PiTKiH,  A.  J Bcheaectady  Luco.  Works,  Sclieneetady,  N.  T. 

1    18, 1883— PiTKis,  JduahH.-.M.  M.  Wqi.  Deering&Co,,  ChicnKo,  111., 

&  P.  O.  Boi  108,  Ha^eoBwood,  lil. 

■    Set,   M,  1880— Plamokdow,  Ambbose A.  Plamondon  M(g,  Co.,  57-07  So. 

Clinton  St..  Cliieago,  III. 

»«,    80,  1886— Plamondos,  Chab.  A A.  Plamoudon  Mfg.  Co.,  67-67 

So.  Clinton  St.,  Chicago,  ni. 

Sbi,    Itt,  1889— PI.ATT,  Geo.  H Foreman  MacU*y  Harlem  River  Piiops, 

S.  Y.,  N.  H.  &  H.  R.  B.,  and  677  E,  184tli  St.,  N.  Y.  City. 
ICir    It   18B0  )  ^^^"^f  JOHH.Coiis.  Eng-.,  High  Orchard  Boad,  Glouceaior,  Eng. 

!    7, 1880— Po-iD.  FKiira  H Prest.  Pond  Eng'g  Co..  700  Market  St., 

St.  Luuis.  Mo. 
V*J    14, 1890— PoiiiEti.  AnDBi{8....Mecb.  Eng.,  35  William  St.,  fioon  26, 

and  17  W,  30th  St.,  N.  Y.  City. 

M>>    15.  less— PooBE,  TowssEND M.  E.  Cual  Dept.  D.  L.  &  W.  BH.  Co., 

Hnd  1730  Cnpouse  Ave.,  ticranton,  Pa. 
Sm.    30,  1886— Pope,  SAUnSL  I.  .8. 1.  Pope  &  Co.,  Steam  EeatinR,  28  and  30 

Market  St.,  and  703  W.  Monroe  St.,  Chicago,  111. 

Sot.      4,  1880)  Porter,  HolbboOk  F.  J Supt.  Bldgs.  &  Grds.,  Columbia 

M»y    21,  1884*  College,  41  East  49ih  Street,  N«w  York  City. 

Oct.      16,  1888— Porter.  0.  S.  . Propr.  0.  8.  Porter's  Cotton  Mills,  Covington,  Gs, 

Mar     14,  1890— Porter  FIELD,  Henry  a Engineer  of  Tests,  CarnegiB 

BroB.  &  Co..  Braddock,  Pa.,  and  316  So.  Hilaud  Ave., 

PittfibQTgh,  E.  E.,  Pa. 

Aug.     10,  1881— POBBOHB,  N.  B Supt.  Brush  Electric  Co.,  and  el5  Case  Ave., 

("leveland,  Ohio. 
May     28, 188S— Post,  Jobr,  jR....Mach.  Eag'r.  70  Kilby  Street,  Boston,  Mesa. 

May     27,  1885— Potter,  Cbarlbs Power  Printing  Presses,  and  43  W. 

7thSt.,Plalnfield,  N.J. 

May      15,  1889— Pottbb,  Frederick  D Williams  ii  Potter,  15  Conlandt 

St.,   and  178  W.  83d  St.,  N.  Y,  City. 

April      7,  1880— PowKi,,  Sahubl  W 483  No.  Btb  St. ,  Hamilton,  Ohio. 

April      7,  1880— Pratt,  Fkancis  A.».  .The  Pratt  &  Whitney  Co.,  Hartford,  Conn. 

April     7,  1880— Pbatt.  Nat.  W Treas.  TheBabcockit  WilcoiCo.,  80 

Cortlandt  Street,  New  York  City. 

May     8$,  1886— PsBimCB,  Leon  H Pres't  L.  H.  Prentice  Co.,  203  and  205 

Van  Buren  St.,  Chicago,  and  Waukegan,  Ills. 
•  Huager.  IB8(M1 ;    Vice-PreildenI,  1881. 


May     81,  1837— Peestiss,  Fred.  H Manager  and  Eng'r  N.  T.  Steam  Co., 

2  Cortlandt  St.,  N.  Y.  City. 

May     14,  1890 — Prick,  J.  A Prest.  ScrantoQ  Stove  Works,  Scraoton.  Piu 

May     26,  1886--Prixdlb,  Edward  T V.  P.  and  Supt.  Prindle 

Mfg.  Co.,  Aurora,  lU. 

Nov.      6.  1880— PusEY,  Chas.  W Gen.  Man.  The  Pusey  &  Jones  Co., 

and  1112  Waahington  St.,  Wilmington,  Del. 

May     31,  1887— Radfoud,  Bexj.  F Gen.  Man.  Am.  Tool  &  Mach.  Co.,  84 

Kingston  St.,  Boston,  Mass. 

May     21,  1884— Rae,  Chas.  Whiteside P.  A.  Eng.  U.  S.  N.,  Office  Naval 

Intelligence  Bureau  of  Nav.,  Navy  Dept.,  Wasldugton,  D.  C. 

Nov.     30,  1886— Ramsat,  H.  Asuton Consult'g  Eng*r,  406  Second  St., 

Baltimore,  Md« 

May     14,  1890 — Ramsat,  Jas.  D Asst.  Supt.  Mo.  P.  Calumet  and  Hecla 

Mine,  Calomet,  Mich. 

May     21,  1884— RAimoLPn,  Lingax  Strother Eng'r  of  Tests,  B.  &  0. 

R.R.,  Mt.  Clare,  and  216  W.  Madison  St.,  Baltimore,  Md. 

Nov.      6, 1884 — Ratnal,  Alfred  H Gen.  Supt.  Richmond  L.  &  M. 

Works,  Richmond,  Va. 

April     7,  1880— Reed,  Edward  M Vice-President,  N.  Y.,  N.  H. 

&  H.  R.  R.  Co.,  New  Haven,  Conn. 

May     14,  1890— Reiss,  George  T Cliief  D'f  isman  Niles  Too!  Works, 

Hamilton,  O. 

Aug.     10,  1881— Remick,  Oliver  P first  Asst.  Eng.  U.  S.  Rev.  Marine, 

U.  S.  S.  "  Gallatin,"  Boston,  MasB. 
Nov.      2,  1882 — Renwick,  Edward  S.  .  .Mech.  Eng.  and  Elxp't,  19  Park  Place, 

New  York  aty. 

May     21,  1884— Reynolds,  Edwin* Gen.  Supt.  Reliance  Works,  E,  P. 

Allis  &  Co.,  Milwaukee,  Wis. 
May     14,  1890— Rice,  Alva  C.  .Gen.  Supi.  and  Cons.  Eng.  Stillwell  &  Bieroe 

Mfg.  Co.,  and  324  W.  4tb  St.,  Dayton,  Ohio. 

May     14,  1890— Rice,  Richard  H Chf.  D*ftsman,  E.  D.  Leavitt,  2 

Central  Si}.,  and  5  EUlsworth  Ave.,  Cambridgeport,  Mass. 

April     7,  1880 — Richards,  Charles  B.* Prof.  Mechan.  Eng*g  Sheff.  S.  S., 

Yale  Univ.,  and  313  Vork  St.,  New  Haven,  Conn. 
April     7,  1880— Richards,  Francis  H.  .  .Eng'g  and  Pat.  Offices,  253  Main  St., 

Hartford,  Conn. 

May     15,  1889— Richards,  Geo Broadheath,  Manchester,  England. 

May     15,  1889— Richmond,  George Mech.  Eng.,  2296  Seventh  Ave., 

New  York  City. 

May     14.  1890— RiCHTEai,  Ernst Chf.  D'ftsman  The  G.  A.  Gray  Co., 

and  487  Sycamore  St.,  Cinn.,  O. 

May     31,  1887— Ridgway,  J.  T V.-P.  Star  Rubber  Co.,  Trenton.  N.  J. 

May     14,  1890— Hibsenbkrger,  Adam Assist.  Prof.  Mech.  Drawing, 

Stevens  Inst.  Tech.,  Hobokeu,  and  44  Union  PI.,  Town  of 

union,  N.  J. 

Oct.      16,  1888- UoBB,  David  Went  worth Mech.  Supt.  A.  Robb  &  Sons, 

F.  &  M.  Works,  Amherst,  N.  S. 

«  Vlcc-rresideat.  1888-00  ;  Manager,  188Q-8S. 
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Ilii  111^  188B---Botam0ir,  A.  Walls. mShovel 

una .    M       JO.,  Bacyrua,  O. 
ifiil    7,188I^BosiH80v,G.  H.......15€brUa]  and         SV^.  57tli  St., 

w  York  City. 
%   83^188BTrBoftaiBOIl,  J.  H. ., *  *M.  ML  and  Sapt.  Mills  Bldg.,  15  Broad  St., 

NewYwkaty. 

^    ft  188ilKB«niMm.  a  W.* Psof.  Hech.  Eng.  State  Univenaty, 

and  1858  BigMand  St.,  Ckaumbos,  Ohio. 

hm  m  1888-^BosT^  LuTHBB  A.. .Otis  Steel  Co.,  Cleveland,  Ohio. 

lofl    %  1884)  Bocn,  J<»ar  A. . .  Man.  J.  A.  Fkj  ^  Ca,  807-9  Lake  St.,  aud 
lir;  1%  1888)  488  Warren  Ave.,  Chicago,  III. 

iif.  .|ltl88l^9aBL3pni,  H.  B.. .Mech.  Eng.,  22  OortUndt  St,  and 

548B.86thSt.,  N.  Y.  City. 
May    21, 1884— Rogers,  Wm.  A. .  .Prof.  Physics,  Colby  Univ.,  Waterville,  Me. 

Miy      8,  1888— Rogers,  Winfield  S Supt.  Estate  F.  W.  Richardson, 

464  Eighth  St.,  Troy,  N.  Y.,  and  1408  Third  Ave., 

West  Troy,  N.  Y. 

May    27,  1885 )  Rommel,  Charles  E Asst.  Eng.  U.  S.  N.,  Navy  Dept., 

Nov.    11,  1885)  Washington,  D.  C. 

May     15,  1889— Rokby,  W.  R.  . Mech.  Eng.  Westinghouse,  Church,  Kerr  &  Co. , 

158  Lake  St.,  Chicago,  111. 

May     28, 1886— Rood,  Vernon  H Supt.  Jeanesville  I.  W.,  Jeanesville, 

Luzerne  Co.,  Pa. 
Nov.      4,  1880— Root,  Wm.  J. . .  .Mech.  Eng*r,  H.  R.  Worthington,  86  Liberty 

St.,  New  York  City. 

April     7,  1880— Rose,  Joshua Girton  Lodge,  Park  Road,  East 

Twickenham,  England. 
April   19,  1882— Rowland,  Thos.  F.  (Life  Member).  .Prest.  Continental  I.  W., 

Station  "  G,"  Brooklyn,  N.  Y.,  and  329  Madison  Ave.,  N.  Y.  City. 

May     21,  1884— Rowland,  Thos.  F.  ,  Jr Sec.  &  Trees.  Continental  Iron 

Works,  and  Station  '*  G,''  and  170  Keap  St.,  Brooklyn,  N.  Y. 

May     15, 1889— Roycb,  Harrison  A Gen.  Mgr.  Thomson  Elect.  Welding 

Co.,  89  State  St.,  Room  40,  Boston,  Mass. 
May     27,  1885— RumeIiY,  W.  N.  .  V.-P.  and  Supt.  M.  Rumely  Co.,  La  Porte,  Ind. 

Nov.    29, 1887-RUS8BL,  Walter  S V.-P.  and  Mgr.  Russel  Wheel  and 

Fdy.  Co.,  foot  of  McDougall  Ave.,  and  863  Jefferson  Ave., 

Detroit,  Mich. 

*  Manager,  1881-84. 
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^ov.    80,  1886 — Ruth,  Wilbur  M 2  Belvidere,  cor.  8th  and  Grand  Avee., 

Milwaukee,  W 

May     15,  1889— RuUD,  Edwin Fuel,  Gas  and  Elect.  Eng.  Co.,  Westing- 

honse  Bldg.,  Pittsburgh,  Pt^ 

Not.    29,  1887— Sague,  James  Edward Div.  M.  M.   N.  Y.,  L.  E.  &  W. 

RR.,  Rochester,  N.  Y. 

May     21, 1884— Sanctok,  Edward  K Supt.  Penn  Ave.  Works  Dickson 

Mi^.  Co.,  Scranton,Pa. 

May     8,  1888— Sakders,  Newbll Prest.  &  Mgr.  Chatta.  Plow  Co., 

Chattanooga,  Tenn. 

Nov.    80,  1886— Sanguinetti,  Percy  A 2128  No.  11th  St.,  Philadelphia,  Pa. 

May     26,  1886— Sargent,  John  W Chief  D'ftsman,  Dickson  Mfg. 

Co.,  Scranton,  Pa. 

June     13,  1883 — Schepfler,  F.  A Gen.  Supt.  Westinghouse  Elect.  Co., 

Pittsburgh,  Pa. 
May     27,  1885 — Schleicher,  Adolph  W.  .M.  E.  Schleicher,  Schumm  &  Co., 

8313  Walnut  Street,  Philadelphia,  Pa. 

May     21,  1884 — Schuhmaxn,  George Supt.  Penn.  Iron  Works,  60th  St. 

and  Merlon  Ave.,  and  2422  Poplar  St.,  Philadelphia,  Pa. 

Nov.     29,  1887— Schumann,  F Prest  and  Gen.  Mgr.,  Tacony  Iron  &  Metal 

Co.,  Tacony,  Phila.,  Pa. 

May     31,  1887 — Schutte,  Louis Mech.  Eng.,  12th  and  Thompson  Sts., 

and  1509  N.  17th  St.,  Philadelphia,  Pa. 

May     21,  1884 — Schwamb,  Peter Assoc.  Prof.  Mechanism  and  Dir. 

Workshops  Mass.  Inst  Tech.,  Boston,  also  Arlington,  Mass. 

Oct.      16,  1888 — ScHWANHAUSSER,  WiLLiAM Gen.  Fmn.  Hyd.  Works, 

H.  R.  Worthington,  So.  Brooklyn,  and  461  Eighth  St., 

Brooklyn,  N.  T. 

Nov.       2,  1882— Scott,  Irving  M Union  Iron  Works,  P.  0.  Box  2128, 

San  Francisco,  CaL 

June     13,  1883 — Scott,  Olin Mech.  Engineer  and  Prest.  The  Scott  and 

Roberts  Co.,  Wood  Pulp  Machi,  and  Prop.  Benn.  Mach. 

Works,  Bennington,  Vt 
May     31,  1887— Scott,  Walter  W.  .  D'ftsman  Pneum.  Dyn.  Gun  Co.,  71  BVay, 

an^  33  Ege  Ave.,  Jersey  City,  N.  J. 

May       8,  1888 — Scovel,  Minor Pros.  The  Scovel  and  Irwin  Const.  Co., 

9  Cole  Bldg.,  Nashville,  Tenn. 
May       8,  1888— Scoville,  H.  H.  .Proper  Scoville  I.  W.,  250-254  So.  Clinton 

St.,  and  152  So.  Sangamore  St.,  Chicago,  IlL 
May     15,  1889— Scribner,  Charles  W..  .Prof.  Mech.  Eng.  Coll.  Agr.  &  Mech. 

Arts,  Ames,  la. 
May     15,  1889— Sederholm,  Edward  Theodor.  .Mech.  Eng.  Eraser  &  Chalmers, 

and  107  So.  Hoyne  Ave.,  Chicago,  IIL 
April     7,  1880— See,  Horace*.  . .  .Eng'r  and  Naval  Arch't,  1  Broadway  and 

48  W.  20th  St,  New  York  City. 

April     7,  1880— See,  James  W Mech.  Eng'r,  Hamilton,  Ohia 

April     7,  1880 — Sellers,  Coleman  f Prof,  of  Eng'g  and  Cons.  Eng., 

3301  Baring  Street,  Philadelphia,  Pa. 

*  President,  1887-88.  t  President,  1885-86. 
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1882— Sellem,  Colbman,  Ja.  .Aset.  Man.  Wm.  Sellers  &  Co,  (Incp.). 
leOO  HamUtoD  St.,  and  410  N.  3ild  Street,  PhJladelpliU,  Fa. 

1880— Skllkrs,  MoRBis* 316  Phenix  Blilg..  Chicago.  111. 

I88ft— Seixebs,  Win,!** 1600  Hamilton  aad  1818  Vine  Street, 

Philadelphia,  Pa, 

1889— SKWiLL,  M.  W Pneum.  Dyn.  Gun  Co.,  71  Broadwaj, 

Room  CB,  itnd  aiO  Waverley  Place,  New  York  City. 

18Se— SuACKroBt),  JiURg  M C'hiel  D'tsmaii,  Mach.  Dept. 

C.  &.  A.  R.  R..  Blooniington,  HI. 

1384 — Sh*bp,  JoBi.t Pres'L  Buckeja  Engine  Co.,  and 

84  Broadway,  Salem,  Ohio. 

ISSIO— SflASFLES,  p.  M WesicbeBier,  Pa. 

1888— Shaw,  T.  Jaikoon Snpt.  Eng.  Harlan  &  HoUingswonh, 

and  1403  Van  Burcn  St.,  Wilmington,  Del. 

1890— Sheldok,  F.  P Mill  &  Mech.  Eufr.  &  Arch.,  63  West-    * 

mlnator  St.,  and  47  Parade  St.,  Ptov.,  R.  I. 

18^4 — Sbblikin,  Tnos.  C Supt.  Lancaster  Hills,  BoylsUin,  Moss. 

1980— SiiELMiRE,  W.  n.,  Jb Peiicoyd  Iron  Works.  Ppneoyd,  Pa. 

1889— Sheppard,  Frask  L Supt.  Mo.  P.  Pcnno.  Div.  P.  R.  R., 

Altoona,  Fa. 
1800 — Shi&bbll.  David,... Dtt'eman,  Loco.  Dept.  Rlcbmoiid 

L.  &  M.  VVka.,  and  417  West  Clay  St.,  Rlnhmood,  Vft. 
l880~Sii.vB«,  Wm.  J...,Mech.  Eiig'r,  143  West  No.  Tern  pie  St, 

Salt  Lake  City,  Ut*h. 

1887— SmoKDB,  Qko.  F PresL  Simonda  lloll'g  Mach.  Co., 

Fitch  liiirg,  Mass. 

1887— SiMpms,  WiLUAM Simpkio  &  Hillyer,  1100  Main  St., 

Richmond,  Va. 
1888 — Sims,  Gakdtneb  C.  [Life  Member). . .  .Gen.  Mgr.  Armlngton 
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36  Moffat  Block,  and  51  Davenport  St.,  Detroit,  Mich. 

May       4,  1881— Smith,  Oberlin  * Pres't  Ferracute  Machine  Company, 

and  Lochwold,  Bridgeton,  N.  J. 
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Ifij     e,  1888— SnsvKNBON,  Abcbt  A BtendArd  Steal  Wka., 

LeirlBlowa,  und  230  ^  Ponrtli  St.,  PhUadslpUa,  Pa. 
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VV     14,  1890— Stockhak,  Wm.  H.  . .  .Stipt.  III.  Mall.  I.  Co.,  B31  Duv^raey 

St.,  ADd  495   ttBcbe  Ave.,  Clikatco,  III. 

April     7.  1880— Stoxi,  Hknrt  B Prest.  Cliicago  and  Central  Union 

Telephone  Cos.,  Telepbone  Bldg.,  20S  Waahington 
St.,  and  iS  Bellevue  PUce,  Chicago,  III. 

Uij    SI,  1684— Stoite,  Joskph 85  Milk  St.,  Boston,  Mua. 

Iby      8,  1888— Stralb,  Allah. Mech.  Bng'r,  Froeer  &  ChalmerB, 
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Jnae    13, 1683 — Stbatton,  E.  Platt.  . .  .Marine  &,  Consnlt.  Eng.,  Surveyor 
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May     26,  1886— Thompson,  Edqir  B Chief  D'lsman  C.  &  N.  W.  R'y, 
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tST  OF   UEMBERS.  i 

188S— Wbbder.  Ocnbt.  Jn....Dept.  Coal  Mine  Micb.,  Dickaoa   ' 

Mfg.  Co.,  Scrantoii.  and  DuDiium,.Au  I 
1880 — Webber,  Samdbi.  . .  .Hydr.  &  Dyn.  Eng"r,  Cliarleirtown,  N.  R.  I 
isaff— Webber,  Samuel  S.. Asm.  Mgr.Treolor  ImnO.,Treiitoti.  S,  t, 

1S»1— Wbbbkb,  Wiu,iam  Olitkb Qon.  Bupt.  Erie  Cltj  1.  W., 

and  38S  W.  Stb  St..  Brie,  P>. 

18Sa— WEsnEB,  HtMEA Hech.  Bag.  H.  B.  WarthtngKm, 

05  I.ake  St.,  and  68  Woodland  Ave,.  Chicago.  III. 

ISM— Wbostkb,  J.  F Supt,  Cbttinplun  Bar,  Knife  &  Machine  To., 

SpringllGld,  Oliio. 

I88C — Wkbstbr,  Johk  H.  .Snpt.  Standard  Ref.  Co.,  34  Broad  Btreet, 

BoatoD,  MosB. 

ISSO — VVbbbter,  Williak  R C.  E.  sdiI  Bridge  Inspector, 

424  WaluulSt..  PUil«..Pa. 

18^1— Weeea,  Gkorob  W,* Agent  Lancaster  Mills,  CImton,  Maas. 

1880 — Weiokel,  QitKRT. . .  .Aast.  Foreman  Drawiug  Room  Yale 

&  Tovrne  Mtg.  Co.,  and  OB  Gardner  Street.  Stsmford.  Cono. 
1880— WElooTlf  AN,  Wm.  H.  .  .Mech.  Eng.  and  Patents,  Pan  BlAg., 
35  Warren  St..  New  York  City,  and  510  Haleef  St., 

Brooklyn,  N.  T. 

ISSB — Wellingtor.  a.  M Edilor  "Eng'ng  News"  and  Codb. 

Eng.,  Tribano  B'Id'g,  and  84  Uramercy  Park,  N.  Y.  Olty. 

1881— Wki-lhan,  SAHt;BLT,t 1080  Wileon  Ave.,  Cleveland,  Ohio. 

1B80— Wellh,  Bbes  F Casli'r  W.  H.  Iron  anil  Sttwl  Co.,  and  at 

W.  B.  Hotel,  West  Superior,  Wia. 

188fl— Wei.l^  J,  LELAJ4D QillisA  ll.iogliejittii,  115  Wooster  St., 

and  1388  Washington  Ave.,  New  York  Qty. 

1689 — WxHDT,  Abtbub  P Cons,  Eng.  The  Compania  Hnancbaca 

de  Bolivia,  18  Park  Bow.  and  Anloragaata,  Chile,  and 
137  E.  »lBt  St..  New  York  City. 

1884— Wbbt,  Tbohab  D Mgr.  Tbomaa  D.  West  Foundry  Co., 

Cleveland,  Ohio. 
1884 — WKBTnfOHOUaK,  H,  Hbbuak  %.  .Gen.  Man.  Weatiughouse  Air 
Brake  Co.,  Liberty  Ave.  A  26th  St.,  Pittsburgh,  Pa. 

1882— Weston,  Edwabd Elee.  Eng.,  645  High  St., 

Newark,  N.  J. 

1880 — WHBKI.KH,  F.  Mebiam QeorgeP.  Blake  Mfg. Co.,  and 

Wlieeler  Condenser  &  Eng'g  Co.,  03  Liberty  St.,  N.  Y. 

City,  and  Montclair,  N.  J. 
1883— Whbelkb,  Hkbbkkt  a.  .Adj.  Prot  of  Mining,  Washington 

University,  St,  Louis,  Mo. 

188S— Wheeler,  Bchutler  S Preat,  Crocker- Wheeler 

Perfecled  Motor  Co.,  430-432  W.  14th  St.,  New  York  City. 

1S6(^Wiibelock,  Jebohb .25  Elizabeth  St.,  Worcester,  Maas. 

1884— Wditakeb,  Ezba  J.  ...Chief  Eng.  U.  S.  N.,  U.  S.  Bec'v'g 

Ship  •'  Vermont,"  Navy  Yard,  Brooklyn,  N.T. 

1883— Whitk,  H.  C 16  Dey  St.,  New  York  City. 

1880— White.  Joseph  J Prea.  H.  B.  Smith  Machine  Co., 

New  Usbon,  N.  J. 


•  Tke-Pnaldent,  188»^1, 


1  Huuger,  1B8B-flB. 


:  Uauaser,  IBSe-eS, 


April    19,  1882— White,  Maunsbl Bethlehem  Iron  Co.,  Bethlehem,  Pa. 

Oct.      16,  1888— White,  William,  Jb Mining  Eng.,  85  Fifth  Ave., 

Pittsburgh,  Pa. 

May     31,  1887— Whitehead.  George  E Supt.  N\it  &  Bolt  Wks,  Rhode 

Island  Tool  Co.,   West  River  St.,  and  299  Broadway, 

Providence,  R.  I. 
May     26,  1886 — ^Whitehill,  Robert.  .Mfg.  Eng^s,  Boilers  and  Befrig.  Mach., 

Qrand  Ave.,  Newburgh,  N.  T. 
Nov.      1,  1883— W^HIT HAM,  Jay  M.  . .  .Prof.  Engineering  Ark.  Ind.  Univ., 

Fayetteville,  Ark. 
April     7,  1880— Whitino,  George  B.  .Mech.  Eng'r,  Harlan  &  Hollingswortb, 

Wilmington,  DeL 

April     7, 1880— Whiting,  S.  B  * Geo.  Man,  Calumet  &  Hecla  Mining  Co., 

12  Ashburton  Place,  Boston,  and  11  Ware  St., 

Cambridge,  Mass. 

Nov.    29,  1887— Whitlock,  Roger  Haddock Prof.  Mech.  Tex.  State  Agl 

and  Mech.  College,  College  Sta.,  Brazos  Co.,  Tex. 

May     26,  1886— Whitney,  Baxter  D Winchendon,  Mass. 

Nov.    19,  1889— Whittemore,  D.  J Chf.  Eng.  C,  M.  ft  St.  P.  Ry., 

Room  51,  Chamber  of  Commerce,  and  222  Biddle  St., 

Milwaukee,  Wis. 

May     26.  1886— Whittier,  Chab Prest.  &  Geni  Mgr.,  1176  Tremont  St., 

and  50  Wintlirop  Street,  Boston,  Mass. 

May     21,  1884— Wightman.  D.  A Supt.  Pittsburgh  Loco.  Works,  and 

154  Locust  St.,  Allegheny,  Pa. 

Nov.    19, 1889— WiLBRAHAM,  Thomas Wilbraham  Bros.,  2518  Frankford 

Ave.,  and  Main  and  Wakeling  Sts.,  Frankford,  Phila.,  Pa. 
May     31,  1887— Wilcox,  John  F..Eng.  with  J.  P.  Witherow,  Lewis  Block, 608, 

and  6th  Ave.  and  Smithfield  St.,  Pittsburgh,  Pa. 

April     7,  1880— Wilcox,  Stephen The  Babcock  &  Wilcox  Co., 

30  Cortlandt  Street,  New  York  City. 

June    20,  1880 — Wilder,  Moses  G Mfr.  Volumetric  Regulators, 

816  Cherry  St.,  Philadelphia,  Pa. 

June    20,  1880— Wiley,  Wm.  Hf 53  East  10th  St.,  New  York  City. 

Oct.      16,  1888— Wilkin,  W.  M Des.  &  Slsman.  Steams  Mfg.  Co..  Erie,  Pa. 

May     15,  1889— Willcox,  Cha^rles  H Mech.  Eng.  Willcox  &  Gibbs  S.  M. 

Co.,  658  Broadway,  and  32  E.  62d  St.,  N.  Y.  City. 
Nov.     19,  1889 — Williams,  J.  C. . .  Foreman  Macb.  Dept.  Jarecki  Mfg.  Co., 

and  145  E.  12th  St.,  Erie,  Pa. 

Nov.      2,  1882— Williamson,  Wm.  C Williamson  Bros.  E.  &  B.  Works, 

Richmond  &  York  Streets,  and  1800  N.  16th  St., 

PhiladelphU,  Pa. 

June    13,  1883 — Willson,  Frederick  Newton Prof.  Desc.  Geom.  and 

Tech.  Drawing,  Princeton  College, 

Princeton,  N.  J. 

Nov.    29,  1887— Wilson,  James  Edward 1500  Ninth  Ave.,  and  205 

West  122d  St.,  New  York  City,    . 

May     26,  1886 — Winter,  Herman Const.  Eng.  &  Naval  Architect, 

Pier  11,  N.  R.,  New  York  City,  and  165  Taylor  St., 

Brooklyn,  N.  Y. 

♦  Manager,  1830-82 ;  Vice-President,  1882-83.  t  Treasurer,  1884^. 


LIST   OF   HEVBERS.  IX 

Jif.   to,  1881— WiTHEBOW,  James  P Eog.  and  Contr.,  Lewis  Block, 

and  flib  Ave.  aoil  Smltlitldd  St.,  I'itUburgb.  Pa. 

Sot.   19,  llja*— Wolf,  OttoC Eng'r  and  Arch.,  Brond  nud  Arth  Sis., 

and  1706  MoBier  St.,  Pbila.,  Pa. 

i^    T,  18SA— WoUF,  Alfeed  B Consult.  Eng..  815  Potter  Rallding, 

88  Park  Row,  New  York  Uity. 

Vii    IS,  ISW— WoHi.,  LODIB Mecli.  Eng.  Fraser  It  (lialmers,  and 

146  Eugenie  St.,  Cliicago,  III. 

Mi;    H,  18ST— WttOD,  Dr  Vowos* Prof.  Eng'g  SteT ana  Inst.  Tecli., 

Bobokeu.  and  Boonlon,  N.  J, 

Ui;    H,  1M)(>— Wood,  E.  J Cona.  Eng.  and  Comtactor,  243  Broadway, 

N.  Y.,  and  828  Qoincy  St.,  B'klju, 
Uu    14.  Itl90— Wood,  Uatthbw  P.  .Mecb.  Eng.,  Snpt.  Doaglaaa  Axe  titg. 
Co..  Vi3  W.  31st  St.,  N,  Y-,  aleo  Supi.  Arcl.«r  Qas 

Fuel  Proceu  C-j.,  Piitsbur([li,  Pa. 

-VW.    IS,  1S8»— Wood.  W.  H M.  E.  with  Bement,  Mtles  i  CV-..,  21st  and 

Callowhill  Sta..  PliiladelpliU,  and  Media,  Delawara  Co..  Pa, 

Ajirli    7.  1890  i  Wood,  Waltbu Mgr.  (or  H.  D.  Wood  It  Co..  400 

ITi;    1(,  11400  (  .  CbesUmlSt..  PhlU.,  Fa. 

Iprt)     7.  1880— WooDBCRT.  C.J.  H.t 2d  V.-P.  ManTra'Mot.  Ins.  Co.,81 

Milk  Street,  P.  O.  Box  113,  Boston,  and  61  Commercial  St., 
Lfnn,  Ham. 

Joo.   ao,  1880— WooDBDHi,  L.  8 778  Fourth  A^e..  Detroit,  Mich. 

,      Jim.    IS,  1883— Woods,  Asthqb  T Prof.  Meeli.  Eng.,  University  of  111, 

^  and  808  W.  Chvch  tflt.,CbouipB!gD, 

li     Miy    B!.  1886— WooDWABD,  Calvhi  M Prot.  Math,  and  Am-.  Mtch., 

WaaUngtoQ  UdIt.,  Bt.  Lonta,  Mo. 

M«y    «,  1886— WOOUON,  Obosco  C Mgr.    Amer.  S.  B.  Ins.  Co., 

781  Broad  St.,  and  289  Mt.  Pleasant  Atb.,  Newark,  N.  3. 
Miy  IS,  1880— WOLOOTT,  FiuNK  P. . .  .Bnpt.  Colwell  1.  W.,  and  Carteret,  K.J. 
On.     IS,  1888— WOBCSnEB,  Fbahkldt  E.  .Room  47  G.  C.  SUtion,  N.  Y.  City. 

Sot.     8, 1682— WoBTaiKOTOK,  ChablesC.} H.  R.  Worthington, 

143  Broadway,  and  29  Fifth  Are. ,  New  York  City. 

HV    14,  1890— Wbioht,  Louis  8 Supt.  Unk  Belt  Eng-  Co.,  Nicetown, 

and  1804  Wallace  St.,  Pblla.,  Pa. 

Kty    U,  1684— Whioht,  John  Q Putnam  Blubine  Co.,  110  Liberty  St., 

New  York  City. 

1^    »,  1886— Wtvait,  Horacs  W Worceiter  Drop  Forging  W'orkB, 

SO  Bradley  Street,  Worcester,  Mau. 

May     IS,  168»— YOBX,  L.  D Supt.  Burgeea  Steel  and  Iron  Co., 

Portamonth,  Ohio. 
Sor.    29.  1887— Tow,  Tbomab  Milton.  .Mecb.  Eng'r  Am.  Tube  and  Iron  Co., 

MiddletowD,  Pa, 

Miy     14, 1890— ZsKNora,  Chaa.  H Vice-Preat.  and  Oen.  Mgr.  Jackson  & 

Woodln  Mfg.  Co.,  Berwick,  Ponn, 

May    21, 1884— ZuorewiANir  Wm.  P Qen.  Supt.  U.  S.  E.  I.  Co., 

Factory  29  Plane  St.,  Newark,  N.  J. 

•  Tka-Prealdoil,  18BB-el.    t  Maiugtr,  t88t«B ;  Vice-Preiident,  188r-89.     I  M»n«(er,  i88S-S6. 


Nov.      2,  1882 — Alleb,  A Mech.  and  Cons.  Engineer,  109  Liberty  Street, 

New  York  City,  and  Richmond  Hill,  L.  1. 

Not.    29,  1887— Bagq,  S.  F Sec'y  and  Treas.  Watertown  St'm  Eng.  Co., 

Watertown,  N.  Y. 

June    20,  1880— Bailey,  E.  B Manag'r  The  E.  Horton  &  Son  Co., 

Windsor  Locks,  Conn. 

May      4,  1881— Bailey,  W.  H Agt.  Am.  Tube  Works,  20  Gold  Street,  and 

913  Seventh  Ave.,  New  York  City. 

Nov.    19,  1889— Baldwin,  Wm.  H Youngstown  Rolling  Mill  Co., 

and  1161  McGnffey  St.,  Youngstown,  Ohio. 

May     31,  1887— Brooks,  Thomas  H Iron  F'der,  708-712  Lake  St.,  and  (J27 

Prospect  St.,  Cleveland,  Ohio. 
Oct.      16,  1888— BuENHAM,  Wm Sec'y  and  Treas.  The  Standard  Steel  WTm, 

220  So.  Fourth  St.,  and  4301  Spruce  St.,  Philadelphia,  Pa. 

* 

Nov.    19,  1889 — Dablino,  Edwin Supt.  Pawtucket  Water  Works, 

140  Broadway,  Pawtucket,  R.  L 

Nov.    30,  1886 — Dick,  John Mang'r  Phoenix  Iron  Works,  Meadville,  Pa. 

May     15,  1889 — Dodoe,  Wallace  H.  . .  .Pres.  Dodge  Mfg.  Co.,  Mishawaka,  Ind. 
May     21,  1884— Douglas,  E.  V 335  BulUtt  Bdg.,  Philadelphia,  Pa. 

June    13,  1883— Evans,  Edwin  T.  .L.  S.  Transit  Co.,  189  North  St.,  Buffalo,  N.  Y. 

X  ^J  ^^r^^     f  Fitch,  Charles  II 58  Olive  St.,  New  Haven,  Conn. 

Jan.     15,  1889 — ) 

May     21,  1884 — Gibson,  Wm.,  Jr Publisher  Engineering  and  Building 

Record,  227  Pearl  Street,  New  York  City. 

May     31,  1887 — Gilkerson,  James  A Gilkerson  Maoh.  Works,  Homer, 

Cortland  Co.,  N.  Y. 

Nov.      1,  1883 — Hall,  John  H Gen*l  Manager  Colt's  Pat.  Fire  Arms  Ca, 

Hartford,  Conn« 
Oct      16,  1888 — Hallock,  John  Keese.  .Att'y-at-Law,  8  So.  Park  Row,  and 

328  W.  6th  St.,  Erie,  Pa. 

Nov.    29,  1887— Haskins,  Harry  S Edwin  Harrington,  Son  &  Co.,  1605 

Penn  Ave.,  and  1521  Bouvier  St.,  Philadelphia,  Pa. 

May     31,  1887 — Huston,  Charles  L Gen.  Mgr.  Lukens  1.  &  S.  Co., 

Coatesville,  Pa. 

Nov.    29,  1887— Lemoine,  Louis  Rice.  . .  .R.  D.  Wood  &  Co.,  400  Chestnut  St, 

and  Chestnut  Hill,  Philadelphia,  Pa. 

May     26,  1886— Low,  Fred  R Mech.  Editor  Power,  113  Liberty  St, 

New  York,  and  121  Sumner  Ave.,  Brooklyn,  N.  Y. 

May     15,  1889 — McCollin,  Thomas  H Photographic  Chemist,  635  Arch  St, 

Philadelphia,  and  Lansdowne,  Del.  Co.,  Pa. 

Oct      16,  1888— McFarren,  S.  J Contractor,  111  Water  Street,  Pittsburgh, 

Pa.,  and  Walker  Flats,  MoEeesport^  Pa. 


LIST  OF   MlOtBlCBa.  1^ 

Xi;  IB,  1880— M*6KE,  PiiiSK  A 1  .1 

tire       do.,  o  Koa  -1.1  W  i 

Sit    U.  1890— MiBCB,  p.  G.. -Mg.  .     ^ftTreM.Ijl  "tw 

Third  1  L^        i       i       .bulk, '       i.,  O. 

April    T,  1880— MiLLKB,  HoucB  B ^ 

r  K 

ijiril    7.  1980— Moore,  Ckables  A I  ore,  111 

L  wYorkCttji 

April    7,  1880 — Mooau,  Ltcubous  13,* j  m 

A«w  T       :     ■   . 

Vir    81,  ISST—NoYE,  Albebt  A 3toun  Ifing.  Dctpt.  Jno.  T.  Koye  SUg. 

Go.,  BnAOo,  N.  T. 

M»;     9, 1888— PiiBCE,WALTiaiL.  ...SotfyLidgenrood  Mfg.  Co.,  B6LibMlT 
St.,  ud  158  West  SSd  St,  N.  T.  Gitr- 

Hfv   14,  ISOO— PoxERor,  L.  B Spoo.  B.B.  Agt.,  Ownegie,  Phippa  t  Co., 

Ltd.,  45  B'dwkj,  N.  T. 
.'^OT.     n,  1884— PoBTBB,  Qbo.  A. .  .With  Povtar,  Jaokeon  &  Co.,  So.  Ghioago,  SL 

%   15.  t8t>»— Ravhond,  James  H Fat  Attoniej,  235  Deuborn  Stzeet, 

,  CUokgo,  and  Eiraiistoii,  HL 

Mij    14,  ISO)— Redwood,  Iltvd  I An^Ttioal  Cbemist,  Queens  Co.  Oil 

Vorto,  141  Kent  St.,  Brooklyn,  N.  T. 

I     .Vni.  ao.  1888— EupLBY,  Geo Gen'lSnpt.  ITnion  Imp't  aadEleratorCo., 

(  Dnlutb,  Minn. 

1     %    3B.  1888— RossELL,  C,  M Sec'r  Rnasell  &  Co.,  Maaaillon,  Ohio,  and 

Pres.  Standard  Horse  Nail  Co.,  New  Brighton,  Pa. 

OeL     18,  1888— Skldbs,  Gbobob Pres.  Erie  City  I.  W.,  Erie,  Pa. 

Kaj    15,  1889— SUIFSO.V,  OEOBOEB.-.lBt  Asst.  Examiner  U.  S.  Patent  Office, 
No.  SO  PaUnt  Office,  and  714  Eleventh  Street,  N.  W., 
Washington,  D.  C. 

Hit     8,  188S— SiirrH,  S.  Decatur Iron  Pdry.,  E.  York  and  MoyerSts., 

and  I&2T  Spruce  St.,  Philadelphia,  Pa. 
June  20, 1880— Spbbbt,  Chaeles.  .Port  Washington,  Queens  County,  L.  I.,  N.Y. 

K»J    IS,  1889— Stamoland,  B.  F Supt.  Mech.  Ventilation,  Howard  & 

Morse,  46  Pulton  Street,  New  York  City. 

Sot.    16,  1889 — Stktkms,  E.  A.  ..Prest.  Hoboken  Ferry  Co.,  Treaa.  Hackeosack 

Water  Co.,  3  Newark  St.,  Hoboken,  N.  J. 

Sot.     1,  188S— Stocklt,  Geo.  W Pres't  Brush  Electric  Co.,  and  700 

Euclid  Ave.,  Cleveland,  Ohio. 

Mij    31,  1887— Temple,  W.  C Pittsburgh  Mgr.  Babcock  &  Wilcox  Co., 

Room 408,  Lewis  Block,  and  334  River  Ave., 

Pittsburgh,  Pa. 

May     15,  1889— Tuckbr,  Willlam  B. Mech.  Eng.,  335  Broad  Street, 

and  30  Murray,   Elizabeth,  N.  J. 

May     15,  1889— Watbos,  H,  P Paper  Mauufacturer,  Erie,  Pa. 

May     86,  188«— Whitoet,  Wm.  M Wiuchendon.  Maas^ 

•  SeoeUrr,  April  7, 1880,  to  Kot.  4, 1880 ;  Treasurer,  April  7, 1880,  to  Dec.  S,  ISM. 


Juniors. 

May     15,  1889 — Aborn,  Geoboe  P D'ftsman  Knowles  Steam  Pump  Works, 

Warren,  Mass — 

May     15,  1889 — Aouilera,  A.,  Jr Cons.  Eng'r,  Puerto  Principe,  Caba-i^ 

Nov.     19,  1889 — Albree,  Chester  B.  .Ornamental  Iron  Works,  20  Market  St, 

and  191  Ridge  Ave.,  Allegheny,  Pa.-^ 
May     14,  1890 — Anderson,  Larz  W.  .Assist.  Supt.  Addyston  Pipe  &  Steel  Co., 

Addyston,  O,,  and  75  Pike  St.,  Cinn.,  0.  — 

May     15,  1889— Anderson,  W.  E Adjunct  Prof.  Eng.  and  Supt.  of  Shops, 

Ark.  Ind.  Univ.,   Fayetteville,  Ark. 

Nov.    30,  1886— Armstrong,  E.  J Straight  Line  Eng.  Co.,  and  887 

Delaware  Ave.,  Syracuse,  N.  Y. 

April    19,  1882 — ^Babcock,  W.  Irving Manager  Chicago  Ship  Bldg.  Co., 

101  st  St.  and  Calumet  Kiver,  So.  Chicago,  IlL 

May     15,  1889--Bano,  Henry  A Eng.  Nat.  Water  Purifying  Co., 

145  Broadway,  and  1214  Broadway,  N.  Y.  City, 

May     15,  1889— Barr,  Harrt  P Thomson-Houston  Electric  Co., 

R.  R.  Dept.,  Boston,  Mass. 

Nov.     19,  1889— Basford,  Geo.  M D'tsman,  C.  B.  &  Q.  Ry.,  and  205 

Main  St.,  Aurora,  IlL 
and  Parker  Hill  Ave.,  Boston,  Mass. 

May      14,  1890— Bates,  Albert  H Student-at-law,  22  Wilshire  Bldg.,  & 

715  Case  Ave.,  Cleveland,  Ohio. 

May     27,  1885— Beach,  Charles  S H.  E.  Bradford  &  Co.,  Lock  Box  124, 

and  910  Main  St.,  Bennington,  Yt. 

May     15,  1889— Bird,  Willllm  W Inst*r  in  Stm.  Eng.,  Polytech. 

Institute,  Worcester,  Mass. 

May      14,  1890 — Bullock,  Edwin  R Dftsman.  &  Mech.  Eng.,  Conant 

Thread  Co.,  &  15  So.  Union  St.,  Pawtucket,  R.  I. 
May       8,  1888 — Burchard,  Anson  W.  . .  .Mech.  Eng.  J.  M.  Ives  Co.,  257  Main 

St.,  Box  8,  Danbury,  Conn. 
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RULES 


lAiopled  Ifowmber  6th,  ] 


Aet.  1.  The  objects  of  the  Amehican  Society  of  Meohanioai. 
EiOfSEEBs  are  to  promote  the  Arts  and  Sciences  conuected  with 
EDgineering  and  Meciianical  Construction,  by  means  of  meetings 
for  social  intercourse  and  the  readiog  and  discussion  of  protefr- 
nonal  papers,  and  to  circulate,  by  means  of  publication  among  its 
members,  the  information  thus  obtained. 


Asr.  3.  The  Society  shall  ooasist  of  Members,  Honorary  Mem- 
bers, Associates  and  Juniors. 

Abt.  3.  Mechanical,  Civil,  Military,  Mining,  Metallnrgioal  and 
Naval  Engineers  and  Architects  may  be  candidates  for  member- 
ship in  this  Society. 

Abt.  1.  To  be  eligible  as  a  Marnier,  the  candidate  must  have  been 
so  connected  with  some  of  the  above-specified  professions  aa  to  be 
considered,  in  the  opinion  of  the  Council,  competent  to  take  charge 
of  work  in  his  department,  either  as  a  designer  or  constructor,  or 
else  be  most  have  been  connected  with  the  same  as  a  teacher. 

Abt.  6.  Sonorary  Members,  not  exceeding  twenty-five  in  num- 
ber, may  be  elected.  They  must  be  persons  of  acknowledged  pro- 
fssaional  eminence  who  have  virtually  retired  from  practice. 

Abt.  6.  To  be  eligible  as  an  Aasooiate,  the  candidate  must  havs 
such  a  knowledge  of  or  connection  with  applied  science  as  quali- 
fies  him,  in  the  opinion  of  the  Council,  to  co-operate  with  engineer! 
in  the  advancement  of  profeaaional  knowledge. 


liv  BULE8  OF  THE 

Akt.  7.  To  be  eligible  as  a  Junior^  the  candidate  must  have 
beeu  in  the  practice  of  engineering  for  at  least  two  years,  or  he 
must  be  a  graduate  of  an  engineering  school. 

The  term  "Junior"  applies  to  the  professional  experience, and 
not  to  tlie  age  of  the  candidate.  Juniors  may  become  eligible  to 
membership. 

Art.  8.  All  Members  and  Associates  shall  be  equally  entitled  to 
the  privileges  of  membership.  Honorary  Members  and  Juniors 
shall  not  be  entitled  to  vote  nor  to  be  members  of  the  CooncU. 

ELECTION  OF  MEMBERS. 

Art.  9.  Every  candidate  for  admission  to  the  Society,  excepting 
candidates  for  honorary  membership,  must  be  proposed  by  at  least 
three  members,  or  members  and  associates,  to  whom  he  must  be 
personally  known,  and  he  must  be  seconded  by  two  others.  The 
proposal  must  be  accompanied  by  a  statement  in  writing  by  the 
candidate  of  the  grounds  of  his  application  for  election,  including 
an  account  of  his  professional  experience,  and  an  agreement  that 
he  will  conform  to  the  requirements  of  membership  if  elected. 

Art.  lO.  All  such  applications  and  proposals  must  be  received 
and  acted  upon  by  the  Council  at  least  thirty  days  before  a  rega* 
lar  meeting,  when  the  Secretary  shall  at  once  mail  to  each  mem- 
ber and  associate,  in  the  form  of  a  letter  baUot,  the  names  of  can- 
didates recommended  by  the  Council  for  election. 

Art.  11.  Any  member  or  associate  entitled  to  vote  may  erase 
the  name  of  any  candidate,  and  may,  at  his  option,  return  to  the 
Secretary  such  baliot  enclosed  in  two  envelopes,  the  inner  one  to 
be  blank  and  the  outer  one  endorsed  by  the  voter. 

Art.  12.  The  rejection  of  any  candidate  for  admission  as  mem- 
ber, associate,  or  junior,  by  seven  voters,  shall  defeat  the  elec- 
tion of  said  candidate.  The  rejection  of  any  candidate  for  admis- 
sion as  honorary  member  by  three  voters  shall  defeat  the  election 
of  said  candidate. 

Art.  13.  The  said  blank  envelopes  shall  be  opened  by  the 
Council  at  any  meeting  thereof,  and  the  names  of  the  candidates 
elected  shall  be  announced  in  the  first  ensuing  meeting  of  the  So- 
ciety, and  also  in  the  first  ensuing  list  of  members.  The  names 
of  candidates  not  elected  shall  neither  be  announced  nor  recorded 

in  the  proceedings 

Art.  14. — Candidates  for  admission  as  honorary  members  shall 
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)t  be  reqnired  to  present  tlieir  claims ;  those  "i 

M  shall  state  tlie  gioundn  therefor,  and  shall  certify  Gutt  the 
;e  will  accept  if  elected.  The  method  of  election  is  oUier 
s  eliall  be  the  same  as  in  case  of  other  candldateA. 
\  15.  All  persons  elected  to  the  Society,  ezoeptuig  honorary'' 
memWrg,  must  subscribe  to  the  rules  and  pay  to  the  Treasoror 
tie  initintion  fee  before  tliej  cau  receive  certificates  of  iiieml»6F- 
ship.  If  this  is  not  done  withiu  six  months  of  n'otiificatioil  <ii  eleir  ' 
tion,  the  election  shall  be  void. 

Abt,  16.  The  proposers  of  any  rejected  catididste  may,  Tithtli 
tliree  months  after  such  rejectiou.  lay  before  the  Ooancil  writteii 
endeocd  that  an  error  was  then  made,  and  if  a  reoonndaratioii  is 
granted,  another  ballot  shall  be  ordered,  at  wbioh  thirteen  nega^ 
lire  vot*8  shall  be  required  to  defeat  the  candidate. 

Abt.  17-  Persons  desiring  to  change  the  class  of  theii  membax- 
sbip  shall  be  proposed  in  the  same  form  as  dOMiibed  fitf  a  nev 
applicant. 

FEES  AND  DUEB. 
Abt.  18.  The  initiation  fees  of  members  and  aiBOoiatM  aball  be 
tlS,  attd  their  lumaal  duea  shall  Im  $10,  payahld  fai  advance.  The 
initiation  fee  of  jnniors  shall  be  $10,  and  their  annual  dues  ifi, 
payable  in  advance.  A  junior,  being  promoted  to  full  membership, 
sball  pay  an  additional  initiation  fee  of  (5.  Any  member  or  as- 
sociate may  become,  by  the  payment  of  $150  at  any  one  time,  a 
life  member  or  associate,  and  shall  not  be  liable  thereafter  to 
atinaal  daes. 

Abt.  19.  Any  member,  associate  or  junior,  in  arrears  may'  at 
the  discretion  of  the  Cooncil,  be  deprived  of  the  receipt  of  publi- 
cations, or  stricken  from  the  list  of  members,  when  in  arrears  for 
one  year.  Such  person  may  be  restored  to  membership  by  the 
Council  on  payment  of  all  arrears,  or  by  re-election  after  an  inter- 
val of  three  years. 


Abt.  so.  The  affairs  of  the  Society  shall  be  managed  by  a  Coun- 
cil, consisting  of  a  President,  six  Vice-Presidents,  nine  Manners 
■od  a  Treasurer,  who  shall  also  be  the  Trustees  of  the  Society. 

All  past  (Ex)  Presidents  of  the  Society,  while  they  retain  tLeir 
membership  therein,  shall  be  known  as  Honorary  Councillors,  and 
shall  be  entitled  to  receive  notices  of  all  meetings  of  the  Council 
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and  may  take  part  in  any  of  its  deliberations ;  fbej  shall  be  en- 
titled to  vote  upon  all  questions  except  such  as  affect  the  legal 
rights  or  obligations  of  the  Society  or  its  members. 

Art.  21.  The  members  of  the  Council  shall  be  elected  from 
among  the  members  and  associates  of  the  Society  at  the  annual 
meetings,  and  shall  hold  office  as  follows  : 

The  President  and  the  Treasurer  for  one  year ;  and  no  person 
shall  be  eligible  for  immediate  re-election  as  President  who  shall 
have  held  that  office  for  two  consecutive  years ;  the  Yice-Presi- 
dents  for  two  years  and  the  Managers  for  three  years ;  and  no 
Yice-Presidcnt  or  Manager  shall  be  eligible  for  immediate  re- 
election to  the  same  office  at  the  expiration  of  the  term  for  which 
he  was  elected. 

Abt.  22.  A  Secretary,  who  shall  be  a  member  of  the  Society, 
shall  be  .appointed  for  one  year  by  a  majority  of  the  members  of 
the  Council  at  its  first  meeting  after  the  annual  election,  or  as  soon 
thereafter  as  the  votes  of  a  majority  of  the  members  of  the  Council 
can  be  secured  for  a  candidate.  The  Secretary  may  be  remoyed 
by  a  vote  of  twelve  members  of  the  Council,  at  any  time  atter  one 
month's  notice  has  been  given  him  by  a  majority  of  its  members 
to  show  cause  why  he  should  not  be  removed,  and  he  has  been 
heard  to  that  effect.  The  Secretary  may  take  part  in  any  of  the 
deliberations  of  the  Council,  but  shall  not  have  a  vote  therein. 
His  salary  shall  be  fixed  for  the  time  he  is  appointed  by  a  majority 
vote  of  the  Council. 

Art,  23.  At  each  annual  meeting,  a  President,  three  Vice-Presi- 
dents, three  Managers  and  a  Treasurer  shall  be  elected,  and  the 
term  of  office  of  each  shall  continue  until  the  end  of  the  meeting 
at  which  their  successors  are  elected. 

Art.  24.  The  duties  of  all  officers  shall  be  such  as  usually  per- 
tain to  their  offices  or  may  be  delegated  to  them  by  the  Council 
or  by  the  Society.  The  Council  may,  in  its  discretion,  require 
bonds  to  be  given  by  the  Treasurer. 

A.RT.  25.  The  Council  may,  by  vote  of  a  majority  of  all  its 
members,  declare  the  place  of  any  officer  vacant,  on  his  failure  for 
one  year,  from  inability  or  otherwise,  to  attend  the  Council  meet- 
ings, or  to  perform  the  duties  of  his  office.  All  such  vacancies 
and  those  occurring  by  death  or  resignation  shall  be  filled  by  the 
appointment  of  the  Council,  and  any  person  so  appointed  shall 
hold  office  for  the  remainder  of  the  term  for  which  his  predecessor 
was  elected  or  appointed;  provided  that  the  said  appointment 
shall  not  render  him  ineligible  at  the  next  annual  meeting. 
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Aet.  26.  Five  members  of  the  Connci!  shall  conBtitute  a  quorum ; 
tnttbeCoiiDcil  may  appoint  an  Executive  Committee,  or  business 
mj  be  tmnaacted  at  a  regularly  called  meeting  of  the  Council,  at 
which  less  than  a  quorum  is  present,  subject  to  the  a])provai  of 
a  najority  of  the  Council,  subsequently  given  in  writing  to  the 
Secreiary  aud  recorded  by  bim  with  the  minutes.     Absent  mem- 
bers of  the  Council  may  vote  by  proxy  upon  subjects  stated  in  the 
Kill  for  a  meeting,  siiid  proxy  to  be  deposited  with  the  Secretary, 
Aet.  27.  The  President   on   assuming  office   shall   appoint   a 
finance  Committee  and  a  Publication  Committee  and  a  Library 
Committee  of  five  membera  each.     The  appointment  of  two  mem- 
bers of  each  Committee  shall  expire  at  the  end  of  each  year.     The 
Secretnry  shall,  ex  officio,    be  a  member  of  all  three  Committees. 
Abt.  28. — The  Finance  Committee  shall  have  power  to  order 
all  ordiuai-y  or  current  expenditures,  and  shall  audit  all  bills  there- 
for.   No  bill  shall  be  paid  except  upon  their  audit.      When  spe- 
cjul  iippropriations  are  ordered  by  the  Society,  they  shall  not  take 
efeot  until  they  have  been  referred  to  the  Council  and  Finance 
Oommittee  in  conference. 

Art.  29.  it  shall  be  the  duty  of  the  Publication  Committee  to 
receive  all  papers  contributed,  to  decide  which  shall  be  published 
in  Uie  Transactitme,  and  which  shall  be  read  in  full  at  the  meetings. 
Abi.  so.  It  tihall  be  the  duty  of  the  Library  Committee  to  take 
charge  of  the  collection  of  all  material  foi  the  Library  of  the  8<^ 
dety,  and  to  snpervise  all  regulations  for  its  use. 
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Abt.  31.  At  the  regolai  meeting  preceding  the  annual  meeting 
t  uominating  committee  of  five  members,  not  officers  of  the  Soci- 
al, shall  be  appointed,  and  this  committee  shall,  at  least  thirty 
days  before  the  annual  meeting,  send  to  the  Secretary  the  names 
of  nominees  for  the  offices  fallii^  vacant  under  the  rules.  In  ad- 
dition to  such  regularly  appointed  oommittee,  any  other  five  mem- 
bers or  associates,  not  in  arrears,  may  constitute  an  independent 
nominating  committee,  and  may  present  to  the  Secretary,  at  least 
Ihir^  days  before  the  annual  meeting,  all  the  names  of  such  can- 
didates as  they  may  select.  AU  the  names  of  such  independent 
nominees  shall  be  placed  apon  the  ballot  list  tvith  nothing  to  dis- 
tbgaiBh  them  from  the  nominees  of  the  regular  committee,  and 
tiie  Secretary  shall  at  once  mail  the  said  list  of  names  to  each 
r  and  associate  in  th^  form  of  a  letter  ballot,  it  being  on- 


Iviii  RULES  OP  THE 

derstood  that  the  assent  of  the  nominees  shall  have  been  seonred 
in  all  cases. 

Art.  32.  In  the  election  of  Vice-Presidents,  each  member  and 
associate  may  cast  as  many  votes  as  there  are  Vice-Presidents  to 
be  elected.  He  may  give  all  these  votes  to  one  candidate^  or  dis- 
tribute them  among  more,  as  he  chooses.  Managers  shall  be 
voted  for  in  the  eami?  way. 

Art.  33.  Any  member  or  associate  entitled  to  vote  may  vote  by 
retaining  or  changing  the  names  on  said  list,  leaving  names  not 
exceeding  in  number  the  officers  to  be  elected,  and  returning  the 
hst  to  tiie  Secretary — such  ballot  inclosed  in  two  envelopes,  the 
inner  one  to  be  blank  and  the  outer  one  to  be  indorsed  by  the 
voter.  No  member  or  associate  in  arrears  since  the  last  annual 
meeting  shall  be  allowed  to  vote  until  said  arrears  shall  have  been 
paid. 

Art.  34.  The  said  blank  envelopes  shall  be  opened  by  tellers 
at  the  annual  meeting,  and  the  person  who  shall  have  received  the 
greatest  number  of  votes  for  the  several  offices  shall  be  declared 
elected. 

MEETINGS. 

Art.  35.  The  annual  meeting  of  the  Society  shall  be  held  on 
the  first  Thursday  in  November  of  each  year,  in  the  City  of  New 
York,  unless  otherwise  ordered,  at  which  a  report  of  proceedings 
and  an  abstract  of  the  accounts  shall  be  furnished  by  the  CounoiL 
The  Council  may  change  the  place  of  the  annual  meeting,  and 
shall,  in  that  case,  give  timely  notice  to  members  and  associates. 

Art.  36.  Other  regular  meetings  of  the  Society  shall  be  held  in 
each  year  at  such  time  and  place  as  the  Council  may  appoint.  At 
least  thirty  days'  notice  of  all  meetings  shall  be  mailed  by  the 
Secretary  to  members,  honorary  members,  associates  and  juniors. 

Art.  37.  Special  meetings  may  be  called  whenever  the  council 
may  see  fit ;  and  the  Secretary  shall  call  a  special  meeting  at  the 
written  request  of  twenty  or  more  members.  The  notices  for 
special  meetings  shall  state  the  business  to  be  transacted,  and  no 
other  shall  be  entertained. 

Art.  38.  Any  member,  honorary  member  or  associate  may 
introduce  a  stranger  to  any  meeting ;  but  the  latter  shall  not  take 
part  in  the  proceedings  without  the  consent  of  the  meeting. 

Art.  89.  Every  question  which  shall  come  before  the  Society 
shall  be  decided,  unless  otherwise  provided  by  these  rules,  by  the 
votes  of  a  majority  of  the  members  and  associates  present,  pro- 
vided there  is  a  quorum. 
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An.  40,  At  any  regular  meeting  of  the  Society  tbirteen  or  more 
membera  and  associates  ahali  constitate  a  quorum. 

Aet.  41.  Unless  otherwise  ordered,  papers  sball  be  read  in  the 

Ofder  in  which  their  text  is  received  by  the  Secretary.     Before 

UT  paper  appears  in  the  Transactions  of  the  Society  a  copy  of 

the  paper  shall  be  sent  to  the  author,  and,  so  far  as  possible,  a 

oopTof  the  reported  discussion  shall  be  sent  to  every  member 

vho  took  part  in  the  same,  with  requests  that  attention  shall  be 

wiled  to  any  errors  therein. 

Art.  42.  The  Society  shall   claim   no   exclusive   copyinght   in 

I'       papers  read  at  its  meetings,  nor  in  reports  of  discussions,  except 

in  the  matter  of  official  publication  with  the  Society's  imprint,  as 

il3  Tninnactions.      The  Secretary   sball  have  sole  possession   nf 

papers  between  the  time  of  their  acceptance  by  the  Publication 

Committee  and  their  reading,  together  with  the  drawings  illiistrat- 

ing  tbe  sjime ;  and  at  the  time  of  such  reading,  or  as  soon  iheve- 

aiter  as  practicable,  he  shall  cause  to  De  printed,  with  the  authors' 

consent,  copies  of  such  papers,  "  subject  to  revision,"  with  Kueh 

ii lustrations  as  are  needed  for  the  Transactions,  for  distribution 

to  ihe  members  and  for  the  use  of  technical  newspapers,  American 

aod  foreign,  which  may  desire  to  reprint  them  in  whole  or  in  part. 

TLe  policy  of  the  Socie'ty  in  this  matter  shall  be  to  give  papers 

read  before  it  the  widest  circulation  possible,  with   the  view  of 

making  the  work  of  the  Society  known,  encouraging  mechanical 

progroas,  and  extending  the  professional  reputation  of  its  members. 

Abt.  43.  The  aathor  of  each  paper  read   before   the   Society 

sLiiil  be  entitled  to  twelve  copies,  if  printed,  for  his  own  use,  and 

ill  members  shall  have  the  right  to  order  any  number  of  reprints 

of  papers  at  a  cost  to  cover  paper  and  printing ;  provided,  that 

■aid  copies  are  not  intended  for  sale. 

Abt.  44.  The  Society  is  not,  as  a  body,  responsible  for  the 
Btatements  of  fact  or  opinion  advanced  in  papers  or  discussions, 
At  its  meetings ;  and  it  is  understood  that  papers  and  discussions 
should  not  include  matters  relating  to  politics  or  purely  to  trade. 

AV2MDSENTS. 

Abt.  45.  These  rules  may  be  amended,  at  any  annual  meet'mg, 
by  a  two-thirds  vote  of  the  members  present ;  provided,  that  writ- 
ten notice  of  the  proposed  amendment  shall  have  been  given  at  a 
previoas  meetings 
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(XXth) 


NOVEHBER  18th  to  23d,  1889. 

BEING  AiaO  THE  TENTH  ANNUAL  MEETING  OP  THE  SOCIETY. 


CCCLVII. 


PROCEEDINGS 


OP    THE 


NEW  YORK  MEETING 

* 

(XXth) 


OF  THE 


AMERICAN  SOCIETY  OF  MECHANICAL  ENGINEERS 


November  18tli  to  28d,  1889. 


Local  Committee  op  Abbanoementb  :— S.  W.  Baldwin,  Cnas.  Kirchhoff,  Jr. , 
J.  F.  Lewis.  J.  F.  flolJoway,  Wm.  H.  Wiley,  F.  R.  Hutton. 

First  Day.    Monday,  November  18th. 

The  XXth  Meeting  of  the  American  Society  of  Mechani- 
cal Engineers  was  also  its  Tenth  Annual  Meeting,  and  was 
ripened  by  a  social  reception,  held  in  the  rooms  of  the  Society, 
No.  64  Madison  Avenue,  beginning  at  8.30  on  Monday  evening. 
A  committee  of  ladies  acted  as  hostesses  to  receive  the  mem- 
bers and  their  ladies ;  and  later  in  the  evening  a  collation  was 
served  in  the  rooms  above.  This  reunion  was  the  first  of  its 
kind,  the  Society  having  only  occupied  its  rooms  for  a  short 
time.  The  rooms  had  been  newly  furnished,  and  the  walls 
were  hung  with  pictures,  among  which  was  a  crayon  portrait  of 
Alex.  L.  Holley,  one  of  the  founders  of  the  Society.  Over  three 
hundred  persons  were  present,  of  whom  more  than  fifty  were 
buiies. 

Second  Day.    Tuesday,  Nov.  IOtii. 

The  first  session  for  business  was  convened  in  the  Hall  of  the 
New  York  Academy  of  Medicine,  No.  12  West  31st  St.,  at  ten 
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o'clock.     The  secretary's  registers  showed  the  following  mem- 
bers in  attendance  during  the  Convention : 

Alberger,  Louis  R New  York  City. 

Aldfn.  Geo.  I Worcester,  Ma^'S. 

AllfD,  Francis  B Hartford.  Conn. 

Allison,  Robert Port  Carbon,  P«. 

Almond,  T.  R Brooklyn,  N.  Y. 

Ashworth,  Daniel Pittsburgh,  Pa. 

Babcock.  Geo.  H.  {Past  President) New  York  Ciiy. 

Backstrom,  Q.  L Pliiladelphia,  Pa.- 

Baker,  W.  S.  G.  (  Vie-'-President) Baltimore,  Md. 

Baldwin,  S.  W.  {Manager) New  York  Ciiy. 

Baldwin.  W.J New  York  City. 

Ball,  F.  H.  {Manager) Erie,  Pa. 

Barnard,  Geo.  A New  York  City. 

Barnep,  Abel  T. • .  .Jamaica  Plain,  Mass. 

Barnes,  D.  L Chicago,  III. 

Barnhurst,  H.  R Erie,  Pa. 

Bassett,  N.  C Yonkers,  N.  Y. 

Bates,  Alex.  B New  York  City. 

Bayles,  Ja?.  C New  York  City. 

Beach,  C.  S Bennington,  Vt. 

Billings,  C.  E Hartford,  Conn. 

Binsse,  H.  L Newark,  N.  J. 

Bird,  W.  W Worcester,  Mass. 

Bond,  Geo.  M.  {^Manager) Hartford,  Conn. 

Booraem,  J.  V.  V Brooklvn,  N.  Y. 

Bordan,  T.  J.  ( Vice  President) Fall  River,  Muss. 

Bojd,  Jdo.  T Philadelphia,  Pa. 

Brady.  Ja? Brooklyn,  N.  Y. 

Brooks,  Morgan  St.  Paul,  Minn. 

Bulkley,  H.  W New  York  City. 

Burdsall,  El  wood.  J  r Portchester,  N.  Y. 

Burns,  A.  L New  York  City. 

Burpee,  G.  H 

Butterworth,  Jas Pliiladelpbia,  Pa. 

Caldwell,  A.  J New  York  Ciiy. 

Campbell,  A.  C Waterbury,  Conn. 

(-ariwrigbt,  Robt Rochester,  N.  Y. 

Carv,  A.  A New  York  Cii v. 

Cheney,  W.  L Hartford,  Conn. 

Christensen,  A,  (.' New  York  City. 

Chri>tiausen,  A West  Troy,  N.  Y. 

Christie,  W.  W Ilillbum.N.  Y. 

Clark,  W.  L New  York  City. 

Clarke,  S.  J New  York  City. 

Cloud,  Jno.  W Buffalo,  N.  Y. 

Cole,  L.  W So.'  Shaftsbury,  Vt. 

Coleman,  I.  B Elmlra,  N.  Y. 

Col  well,  A.  W New  York  City. 


-\ 


CuiMnt.  T.  P , Sew  York  City, 

OnoMd,   H.  V New  York  CHv. 

CorbMt.  C.  H Brooklyn.  N,  T. 

Coni»liu»,  H.  J Phi1»delpUU.  P«. 

f«n*.T.  S Npwnrk,  N.  Y. 

Cnuir,  W.  E WaterlrtHj,  Cono. 

Crvntrt.i.  M Brooklyti,  N.  Y, 

Crttikiitiiuk.  Bnrton Brookljn,  N,  T. 

CullloBWorth.G^o.  H New  York  U'lty. 

Oallett,  W.  P Phil«delplii«,  P». 

IHrtiug.  Edwin Pantneket,  H.  I. 

VnxU.  I.  n Dorcbeeter,  Mum 

Denton,  J.  E Hobnken,  N.  J, 

Pick.  Jno MeuIviUe,  P». 

Difltsy,  W.  D New  York  Cliy. 

Down,  W.  8 N«w  York  Oiy, 

DrowB,  P.  K Puwtuoket,  R.  I. 

IMtoB,  C.  8 Tniingaiown,  Ohio. 

Wtgi^fAl.P-  h Newark,  N.  J. 

BiM,J.  B New  York  City. 

Bmery,  A.  H Stamford,  Conn, 

Engel,  L.  a HTOoklyn,  N.  Y, 

Kaberdo  Fnur,  A New  York  City. 

Fatkenau,  A Philadelphia,  Pa, 

Field,  C.  J Brooklyn.  N.  Y. 

Fliti.l.  F.  C New  York  Oty. 

Fleiclier,  Andrew New  York  City, 

Floiclier,  W.  H New  York  City. 

Foroey,  M.  N Nbw  York  City. 

Fowler,  Oeo..L New  York  City, 

Frcemiu.  J.  R Boston,  Mass. 

Ganlt,  H,  L, Pliitadelplila,  Pa. 

Oeoliegsn,  S.  J Kew  York  City. 

Qilkeraon,  J.  A New  York  City. 

Uiliaore,  R.  J Providence.  R.  I. 

UobBillf ,  J.  L Cleveland,  Ohio. 

Gold.  a.  J Bngiowoud,  N.  J. 

Oo«i,W.O Waterbury,  Coon, 

Uonberc,  A.  A  New  York  Ciiy, 

Ooald.  W.  V Norwicli.  Conn. 

(IriDDell,  F.  iXanager) Providence,  R.  I, 

Hague.  C.  A New  York  City, 

Hailock,  J.  K Erie.  Pa. 

Harmon.  O.  8 Brooklyn,  N.  Y, 

Hawkina,  J.  T.  (Manager) Taunton,  Mass. 

Hayward,  F.  H New  York  City. 

Hazard.  V.  G Wilminglon.  Del. 

Bemenway,  F.  F Kew  York  City. 

HeggoiD.C  O 

Beuney,  Jno,,  Jr. New  Haven,  Conn. 

Henthom,  J.  T Providence.  R.  I. 
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Hewitt,  Wro Trenton,  N.  J. 

Hill,  Wm Collinsville,  Conn. 

Hillinan,  Gustav City  I:jland,  N.  Y. 

Hollingsworth,  Suiiiner Boston,  Mass. 

Holloway,  J.  F.  {Past  Preitident) New  York  City. 

Hornig,  J.  L New  York  City. 

Hunt.  C.  W New  York  City. 

Hunt,  R.  W Cliicago,  111. 

Hutlon,  F.  R.  {Secretary) New  York  City. 

Hyde,  C.  E Bath,  Me. 

Idell,  Frank  E New  York  City. 

Jacobi,  A.  W New  York  City. 

Jacobus,  D.  S Hoboken,  N.  J. 

Jenkins,  W.  R Bellefonte,  Pa. 

Jenlc8,  VV.  H Brookville,  Pa. 

Jones,  W.  C Cincinnati,  Ohio. 

Kent,  Wm.  ( Vice-President) New  York  City. 

KirchhofP,  Clias.,  Jr New  York  City. 

Krause,  Arthur Jersey  City,  N.  J. 

Laforge,  F.  H .' Waterbury,  Conn. 

Lambert,  \V.  C New  Haven,  Conn. 

Lane,  H.  M Providence,  R.  I. 

Laureua.  L.  G Philadelphia,  Pa. 

Leavitt,  F.  M Brooklyn,  N.  Y. 

Lemoine,  L.  R Philadelphia,  Pa. 

Lewis,  J.  F New  York  CHty. 

Le  Van,  W.  B Philadelphia,  Pa. 

Lockwood,  J .  F 

Low,  F.  R New  York  City. 

Lyall,  W.  L New  York  City. 

Lyne,  L.  F New  York  City. 

MacBride,  Jas Brooklyn,  N.  Y. 

MacElroy,  Samuel Brooklyn,  N.  Y. 

MacRae,  J.  D Baldwinsville,  N.  Y. 

MacKiniiey,  W.  C Philndelpliia,  Pa. 

Mattice,  Ana  M Cambridgeport,  Mass. 

Meyer,  J.  G.  A New  York  City. 

Miller,  Alex New.  York  City. 

Miller,  Lebbeus  B Elizabeth,  N.  J. 

Miller,  L  S New  York  Hty. 

Miller,  Horace  S New  York  City. 

Minot,  H.  P Columbus,  Ohio. 

Montgomery,  H.  M Norwood,  Mass. 

Morgan,  C.  H Worcester,  Ma-s. 

Moore,  Lycurgus  B New  York  City. 

Morris  H.  G Philadelphia,  Pa. 

Morse,  C.  M Buffalo,  N.  Y. 

Mul'.er,  Maurice  A Newark,  N.  J. 

Nason,  C.  W^ New  York  City. 

Naylor,  E.  W New  York  City. 

Nicholson.  D.  K Steelton,  Pa. 


M<!oJl.C.  H. 

Odell.W.H ronkerB,  N.  y. 

t!iA«E.  H Provideiico,  R.  I. 

l,H.de  B New  lork  City. 

Jgt,  W.  E New  York  CUy. 

^■fcwdj,  C.  H Bqsi 

PBIfanl,a.  S New  York  Ciiy. 

Perrj,  W.  A New  York  City. 

Pi«rtt,W.  L New  York  City. 

Porter,  e.  F.  J New  Tort  City. 

Pajfcey.C  W Wilmington,  Del. 

B»*«»B»j,  H,  A. Baltimore,  Md. 

RaynsI,  A.  H HloLmond.  V«. 

RttbJnson.  J.  M New  York  City, 

Koelker,  H.  R New  York  City. 

no^en,.  W.  S West  Troy,  N.  Y. 

Bossell,  W.  S ...Detroit.  Midi. 

B«aMll,C.  M Masaillon.  Olilo. 

R»»th.W.M Fori  Wayne,  Ind. 

K*>'wl4nd,  C.  B Brooklyn,  N.  Y. 

RowJKid,  Oeoigo Brooklyn,  N.  Y. 

^«Viwiuhansser,  A.  W Brooklyn,  N,  V, 

^<^riliner,  C.  W Ames,  Iowa. 

^«,IIonice  IPiiet  Prandfnt) Now  York  City. 

^^'llfrg.  Coleman  IPa^  J^iti4 RiiUdelpbU,  Pb. 

Bh.w,  T.  J Wilmington,  Del. 

SlieldoD,  T.  C Boylstou,  Mats. 

SincUir,  Geo.  M Betbleiiem,  Pa, 

Simpkiii,  Wmv Richmond,  Va, 

Simpson,  Geo.  R WasVingtoo,  D.  C. 

Bkinner,  L.  Q Brie,  Pa. 

Smilh.  A.P Wnshlngton,  D.  C. 

Saiiih.C.  H.  L Brooklyn,  N.  Y. 

Smith,  Geo.  H Providence,  R.  I. 

Smith,  June  H Detroit,  Mich. 

amiih,  OberllD Bridgeton.  N.  J. 

Smith,  Scott  A Providence,  R.  I. 

Smith,  Sydney  L BtiBton,  Mass. 

Smith,  T.  Carpenter Philadelphia,  Pa. 

Snell,  Henry  I Philadelphia,  Pa. 

Snow,  Wm.  W Hillbnrn,  N.  Y. 

Spangler,  H.  W Philadelpliia,  Pa. 

Sperry,  Chas Port  Washington,  N,  ' 

8tanglaad,  B.  F New  York  City. 

Btearns,  Albert Brooklyn,  N.  T. 

Steel,  Chns. New  York  City. 

StelBon,  Geo.  R New  Bedford,  Mass. 

Stirling,  Allan New  York  City. 

Stratton,  E.  P New  York  City, 

Banstrom,  K.  J Worcesier,  Mbs9. 

Boplee,  H,  H Philadelphia,  Pa. 
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Swasey,  Ambroee Cleveland,  Ohio. 

Sweet,  John  E.  {Pagt  President) Svracase,  N.  Y. 

Tabor,  Harris New  York  City. 

Taylor,  Stevenson New  York  City. 

Terrell,  C.  E Waterbary,  Conn. 

Thomas,  C.  W Newark,  N.  J. 

Thomson,  John New  York  City. 

Thompson,  E.  P New  York  City. 

Thurston,  R.  H.  {Past  President) Ithaca,  N.  Y. 

Torrance,  Kenneth Brooklyn,  N.  Y. 

Towne,  Henry  R.  (President) Stamford,  Conn. 

Trautwein,  A.  P Carbondale,  Pa. 

Trowbridge,  W.  P New  York  City. 

Tucker,  W.  B Newark,  N.  J. 

Uehling,  E.  A Bethlehem,  Pa. 

Ulmann,  C.  J New  York  City. 

Upson,  L.  A Thompsonvilte,  Conn. 

Victorin,  Anthony West  Troy,  N.  Y. 

Voorhees,  P.  R New  York  City. 

Ward,  W.  E Portchesler,  N.  Y. 

Warner,  W.  R Cleveland,  O. 

Warren.  B.  H Boston,  Mas?. 

Webb,  J.  B Hoboken,  N.  J. 

Webber,  S.  S Trenton,  N.  J. 

Webster,  J.  H Boston,  Masp. 

Weeks,  Geo.  W Clinton,  Ma.ss. 

Weightman,  W.  H New  York  City. 

Wellman,  S.  T Cleveland,  O. 

Wheeler,  F.  M New  York  City. 

Wheelock,  Jerome Worcester,  Msl^b, 

Wheeler,  S.  S New  York  City. 

Weickel,  Henry Stamford,  Conn. 

Wiiite,  Joseph  J Philadelphia,  Pa. 

Whitehead,  Geo.  E Providence,  R.  1. 

Whitney,  B.  D Winchendon,  Mass. 

Whitney,  W.  M Winchendon,  Mass. 

Wiley,  Wm.  H.  (Treasurer) New  York  City. 

Wilkin,  W.  M Erie.  Pa. 

Willcox,  C.  H  New  York  City. 

Williamson,  W.  C Philadelphia.  Pa. 

WilFon,  Jas.  E New  York  City. 

Wolff,  A.  R New  York  City. 

Wood,  DeVolson Hoboken,  N.  J. 

Woodbury.  C.  J.  11.  ( Vice-President) Boston,  Mass. 

Woolson,  O.  C Newark,  N.  J. 

Worthington,  C.  C New  York  City. 

Wyman,  II.  W Worcester,  Ma^s. 

Total 249. 


There  was  also  a  number  of  guests  present  at  the  sessions,  and 
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s  large  namber  oE  ladies — over  fifty — was   present  at   the  re- 
Qoions,  aud  on  the  escuraious  of  the  meeting. 

The  retiring  president,  Mr.  H.  E.  Towne,  of  Stamford,  Conn., 
delivered  bis  annual  address  in  opening  the  meeting,  and  at  its 
close  called  the  docket  of  rontine  business.     The  first  order 


THE  ASNUAL  REPOET  OF  THE  COUNCIL. 

The  Council  would  beg  leave  to  present  its  Annual  Report,  as 
bllows : 

It  has  held  seven  meetings  during  the  year  for  the  transac- 
tion of  business,  and  the  following  is  a  summary  of  its  action, 
in  addition  to  the  usual  routine  labor.  A  report  from  the 
Council  in  reference  to  the  invitation  of  the  Engineers  of  Great 
Britain  was  given  at  the  nineteenth  meeting,  in  Erie,  May,  1889. 
Tlie  trip  to  England  has  occurred  since  that  report,  and  the 
Omucil  has  directed  that  a  brief  account  of  the  courtesies, — 
Bociil  and  professional,— enjoyed  by  the  members  of  the  Soci- 
ety, nhould  bo  published  as  an  appendix  to  the  Volume  of  Tran- 
saotions. 

The  Society  huH  moved  during  the  year  from  its  former  quar- 
ters in  the  Stewart  Building,  No.  2^0  Broadway,  and  now  occu- 
pies the  ground  floor  of  No.  64  Madison  Avenue. 

The  Council  has  directed  that  the  Society's  library  should  be 
opened  during  the  evenings  until  farther  notice,  under  the  care 
of  the  Library  Committee. 

The  co-operation  of  this  Society  has  been  requested  in  the 
matter  of  extending  coortesiea  to  the  Iron  and  Steel  Institute  of 
Great  Britain,  which  expects  to  hold  a  session  in  this  country  at 
some  future  date  in  1890,  hereafter  to  be  designated. 

The  resolutions  in  connection  with  the  death  of  Capt  Erics- 
son have  been  published  in  the  10th  Volume. 

The  Council  has  also  directed  that  the  Volumes  1,  ?,  and  3 
of  the  Transactions,  issued  in  the  early  history  of  the  Society, 
and  now  becoming  scarce,  should  be  disposed  of  only  to  mem* 
hers  of  the  Society,  and  at  the  tariff  of  |10  per  volume,  and  that 
an  -effort  be  made  to  ascertain  whether  there  is  a  sufficient  de- 
mand for  those  earlier  volumes  to  justify  a  second  edition  of 
them. 

The  unprecedented  growth  of  the  Society  during  the  last 
year,  and  the  increase  of  the  work  in  the  Society's  office  by  rea- 
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son  of  that  growth,  has  made  necessary  the  employment  of  ad- 
ditional service,  for  which  arrangements  have  been  made. 

The  Council  has  passed  favorably  upon  the  applications  of 
one  hundred  and  seventy-eight  candidates  during  the  Society's 
year.  The  present  membership  of  the  Society,  including  those 
joining  at  this  meeting,  is  1049,  distributed  among  the  grades 
as  follows  : 

Honorary  members 17 

Life  members 9 

Members 878 

Associates 43 

Janiors 97 


Total 1049 

The  Council  has  directed  that  the  Society  Catalogue  should 
contain  not  only  those  in  active  membership,  but,  also,  in  an  ap- 
pended list,  the  names  of  those  whose  membership  has  termi- 
nated during  the  year.* 

*  It  has  been  tbouglit  that  it  would  not  be  without  interest  if  at  the  Annual 
Meeting  whicb  completer  the  first  decade  of  the  Society's  history,  there  ehoold 
be  a  brief  summary  noted  of  tlie  growth  of  the  Society  since  1880. 

The  total  membership  in  all  grades  in  the  bucccasive  i:$BUes  of  the  Roll  of 
Members  lias  appeared  as  follows  : 

First  Catalogue,  dated  September  1S80 Members. .  .163 

Associates..  17 
Juniors 9 


180 


Second       **  "     January  1881 Members. .  .190 

Associ  it€8. .  17 
Juniors 12 

Third         "  "    January  1882 Members ...  262 

Associates..  18 
Juniors 14 


219 


294 


Fourth       "  •*     Mnrch  1883 Meml)ei8. .  .326 

Assm'iates. .  19 
Juniors 19 

Fifth  "  '*    January  1884 Members..  .399 

Associates..  21 
Juniors 20 


864 


440 


Sixth  "  ••     January  1885 Members. .  514 

Associates..  23 
Juniors 21 


558 
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H    The  loss,  by  death,  since  the  last  Annual  Report  in  Volume 

^^E.,  has  been  as  follows  : 

BinidS.  Jnnes , Membaf, 

CDmelinsH,  DelBmnter '' 

JoliB  Eiicsson '' 

Sitrej  F,  Gai^kill " 

W.H.  Scnnloo " 

ll"t.  HBwilioo,  Jr. " 

Wm.lL  JOUEB " 

HniTjPjtBons " 

JolmCofflu ■' 

Biwtllareeii  

The  Council  woald  also  preaeiit  the  Report  of  its  Tellers  of 
Election  as  loUows  i 

The  Bndersigned  were  appointed  a  Committee  of  the  Coun- 
cil, to  act  as  Tellers  (under  Rule  13},  to  ecrutiuize  and  count  the 
ballots  cast  for  and  ag.iinst  the  candidates  proposed  for  mein- 
mersliip  in  the  American  Society  of  Mechanical  Engiueers,  and 
tieektng  ei<^ctiou  before  the  XXth  Meeting,  New  York,  1889. 

They  have  met  upon  the  designated  daysj  in  the  office  of  the 
Societj",  and  have  proceedetl  to  the  discharge  of  their  duty. 
They  vonld  certify  for  formal  insertion  in  the  records  of  the 
Society,  to  tho  persons  whose  names  appear  on  the  appended 
list,  to  tbfir  respective  gi'ades.  There  were  460  votes  cast,  of 
fhich  12  were  thrown  out  because  of  informalities  (the  mem- 
ber voting  having  neglected  to  indorse  the  sealed  envelope), 

AS  HOKOBABT  JIEMBERa 
Coode,  Sir  John.  Eiffel,  GuBtare.  Hirscb,  Josepli. 

SaT«Dtb  CaUlogae,  dated  JKOuary  1886 Members. .  .503 


E3gbth  "  "    JanuaryiaST Memlwre.  ..658 

Associates..   27 
JoDlurB 34 

714 

Kintli  "  "    Janaarj  1888 Members. .  .726 

Atsociates..  m 
Janiors 48 

804 

Tenth  "  "    Jannaij  188B Members.  ..770 

Associalea..  37 
Janiors 00 

87fl 
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Adriance,  Benjamin. 
Alberger,  Louis  R. 
Rates,  Alex.  B. 
Blair  Horatio  P. 
Britton,  J.  W. 
Burpee,  Geo.  H. 
Carae,  David  Brndley. 
Christlanpen,  Alfred. 
Elliott,  \V.  E. 
Fletcher,  Andrew. 
Fletcher,  W.  H. 
Grist,  B.  W. 
Hall,  Willie  E. 
Hepgem,  Charles  0. 
Herdman,  P.  E. 
Hibbard,  Thomas. 


AS  MEMBEB8. 

Howell,  Edward  I.  H. 
Hunt,  Alfred  E. 
Jewett,  L.  C, 
Johnson,  Warren  S. 
Kafer,  John  C. 
Knous,  Franklin  P. 
Meserve,  John  \V. 
Naylor,  Ernest  W. 
Nicoll,  Chas.  H. 
Pearson,  F.  S. 
Pendleton,  J.  H. 
Piatt.  Geo.  H. 
Roberts.  E.  P. 
Roelker  H.  B. 
Sewall,  M.  W. 
Shellmire.  W.  H.  Jr. 


Smith,  Charles  F. 
Taylor,  Warren  H. 
Tremain,  E.  E.  G. 
Trilly,  Joseph. 
Vernon,    William  G. 
Victorin.  Anthony. 
Voss,  William. 
Wagner,  John  B. 
Wellington,  A.  M. 
Wendt,  Arthur.  F. 
Wheeler,  Schuyler  S. 
Whittemore,  D.  J. 
Wilbrahaui,  Thomas. 
Williams,  J.  C. 
Wood,  W.  H. 
Wolf,  Otto  C. 


PROMOTION  TO   FULL    MEMBERSHIP. 
Campbell,  Andrew  C.  Conaut,  Thomas  P. 

AS  ASSOCIATES. 
Baldwin,  Wm.  IT.  Darling,  Eklwin.  Stevens,  E.  A. 


Albree,  Chester  B. 
Basford,  Geo.  W. 
Dravo,  Geo.  P. 
Gorton,  John  C. 


AS  JUNIORS. 

Jarecki,  Alex.  H. 
John,  Harry  P. 
IxMjkwood,  J.  F. 
Sears,  Willard  T. 


Smith,  Thos.  G. 
Watt,  S.  I^. 
Whaley.  W.  B.  Smith. 
Worcester,  Vernor  F. 


Respectfully  submitted, 


Stephen  W.  Baldwin  }  ^„ 
Wm.  H.  Wh^y,  '  f  ^^^*' 

The  Council  would  also  report  that  it  has  accepted  the 
invitation  received  from  members  resident  in  the  city  of  Cin- 
cinnati, O.,  inviting  the  Society  to  hold  its  Spring  Meeting,  or 
XXIst  Convention,  in  that  city.  May  13th. 

At  the  close  of  the  Re])ort  of  the  Council,  the  second  order  of 
business  was  the  Report  of  the  Finance  Committee  of  the  Soci- 
ety, presented  as  follows  : 

The  Finance  Committee  of  the  American  Society  of  Mechan- 
ical Engineers  would  respectfully  report  to  the  Council  the  fol- 
lowing statement  of  receipts  and  expenditures,  on  behalf  of  the 
Society,  which  have  come  under  their  direction  during  the 
Society  year,  from  October  15th,  1888,  to  November  9th,  1883, 
The  receipts  have  been  as  follows : 


"^""(PMlnnd  AdMDcfl)   705  91 O.COJ  91 

Sil« 0;!U  85 

BlBdiii^ 407  05 

Libiipy  PermaDent 88  00 

"     Carrent  844  00 

BudpM 553  90 

EDgTiTlng 301  18 

(terwtnl  PiioUng  Bnil  Stftlioiiery ^8  (10 

Wf  Mciiibersliip BOO  00 

Piuflt  »nd  Loss 23 

f IS, net  90 

Ital,  Sot.  1st.  1688 801  87 

tl8.678  77 


ESPENDITUREB. 

lifnewl  Printing  and  Stalionerj f  1 .108  84 

Kirriiitsnnd  Publicalioas 3.520  80 

rorttp.,.. 708  « 

Uiinrj S4S  00 

Silirlfis 3,1(13  flS 

Office  Expenses 868  71 

EngmvinE  848  69 

Binding 440  SO 

Meetings 748  55 

HnuseFumUnre 487  15 

Badges 570  00 

TriTeling 134  15 

Kent 997  50 

Work  or  Commhteea 27  50 

Contingenciea 10  00 


(13,531  18 
Amoant  depoaited  in  savings  banks  to  account  of  Li- 

brarrFuud 168  25 

Babnce  in  treasarer'e  Itande,  November  8tb,  1889 S77  S4 


$13,970  77 
There  also  remain  uncollected  does  from  members— all   of 
which  sre  doubtless  collectable — to  the  amount  of  $737.76. 
Respectfully  submitted 

By  the  Finaiux  Committee. 

The  report  of  the  Staudii^  Committee  of  the  Society  on  the 
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Library  was  presented  by  Mr.  C.  J.  H.  Woodbury,  on  behaL 
the  Committee,  as  follows : 

REPORT  OF  LIBRARY  COMMITTEE. 

The  Library  Committee  presents  herewith  its  Fifth  Ann 
Report  to  the  Society,  as  follows  : 

The  plans  outlined  in  the  original  report.  Vol.  Vlth  of  Tra 
actions,  page  11,  have  been  continued  through  the  year,  i 
with  a  degree  of  success. 

Circulars  were  sent  out  in  the  beginning  of  the  year  witl 
bill  for  dues  to  those  members  who  had  not  already  subscrib 
These  circulars  explained  the  scheme  of  the  Committee,  t 
were  accompanied  with  a  form  of  agreement  requesting  con 
butions  in  any  of  three  forms : 

(a)  Subscriptions  to  a  permanent  fund  in  payment  of  J 
and  upward  (in  installments,  if  preferred).  To  this  fund  th 
have  been  subscribed  since  the  last  report,  from  members,  as  : 
lows: 

M.  T.  Davidson $5  00 

Henry  I.  Snell 10  00 

J.  F.  Firestone 10  00 

Walter  L.  Pierce 50  00 

John  Fritz 10  00 

E.  H.  Bennett 10  00 

Total $95  00 

(ft)  Subscriptions  to  an  amount  of  two  dollars  to  the  Fund 
Current  Library  Expenses,  payable  as  an  increase  to  the  Du 
and  at  the  same  time.     To  this  there  have  been  responses  sii 
the  last  report,  Vol.  X.,  from : 

E.  H.  Bennett,  W.  C.  Flndd,  H.  Tregelle?, 

Francis  C.  Blake,  Win.  Garrett.  C.  H.  Veeder, 

A.  W.  Belcher,  II.  O.  Hammett,  Philip  Wallia, 

W.  B.  (^ofirswoll,  J.  C.  Hobart,  W.  H.  Wiley. 

J.  J.  DoKinder,  Louis  R.  liCmoine,  W.  E.Ward, 

Joe  F.  FirestODe,  C.  H.  Morgan,  S.  S.  Webber. 

W.  A.  Foster,  T.  II.  Roberts, 

There  are  therefore  180  members  now  regularly  contributi 
to  this  fund  by  this  plan  of  a  small  increase  in  the  dues,  and 
is  urged  that  others  should  also  co-operate  in  the  further  ext( 
sion  of  this  plan,  and  thus  induce  a  widespread  interest  in  t 
growth  of  the    library.      The  expenses  against  this  Fund    : 
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Current  Mnintenance  are  for  binding  and  otlier  incidental  expen- 
Aiture.  Any  excess,  after  these  cliarges  are  met,  will  be  devoted 
te  tlie  purchase  of  additional  volumes.  The  total  available 
fuuinal  iDCome  from  this  fund  is  now  $363. 

[i-]  Direct  (TOutriliutioiiFi  of  books  and  papers  of  value.  Under 
Uiis  aabdivision  there  have  been  many  reaponsea  during  the 
year. 

The  following  list  contnios  contributions  not  catalt^ued  in 
•M  previous  reports : 

THE  CWrKLAKn  OIKT. 

Bgfjh's  "  Link  MottoD  and  Expnnslon  Ov&r." 

Colhum  &  Maw's  "The  \V»tBt  Works  of  l/ODdon." 

"UpffUinics'  Mngsiloe  nod  Engineers'  Journal.'' 

■■IVEDgineBr,"  Vol.  S2. 
"  PfM,  Mechanics'  Journal,"'  Vols.  3  and  3, 
Warren's  "SJachiiifl  Consltuclion  aud  Drawing'." 
ThomBon's  "  Heat  and  ElRotriciiy." 

"  Prtc.  MeehanicB'  Journnl."  Vul.  8.  

"  Mechanics'  Magfljfina  "  for  1851. 

Wlck«l»«d'i  "  Tho  CorniHh  Engine." 

"  Mwhanics'  Magailne,"  Vol.  8. 

Bargh's  "  The  Coropmind  Engine." 

"Journal  of  tho  Franklin  luailtule  "  for  185S  and  18M. 

W.ITS  'DyiuunUv." 

Bdirarda't  -'CBtechism  of  the  Marine  Steam  Engine." 

Long  &  Baell'a  "  The  Cadet  Engineer." 

Bngbee'B  "  Water  Works  (or  Cities  and  Towns." 

Bourne's  "  Recent  ImproTemeiits  in  the  Steam  Engine." 

Boame's  "  A  Hand-Book  ot  the  BUsm  Engine." 

CUgae'B  "On  the  Architecture  ot  Machinery." 

Peak's  "Rudiments  ot  Naval  Architecture." 

Boame's  "Catechism  of  the  Steam  Engine." 

I«rkiti's  "  Practical  Braea  and  Irun  Foundem'  Onide." 

Salter's  "  Economy  in  the  ITae  of  Steam." 

TnTobnll's  "  Compound  Engine." 

Oljnn'B  "Cranes  and  Maclilnery." 

Robinaon'n  "Ezploslnns  of  Steam  Bnilara." 

Ltikin's  "  Practical  Broa^  and  Irnn  Founders'  Oulde." 

Colbum's  "  Locomotive  Engine." 

Bnell's"  Safety  Valves." 

C.  W,  Williams'  "  Combustion  of  Coal," 

Bilgiam's  "  Slide  Valves." 

Bacon's  "  Richards'  Steam  Indicator." 

"HechanicB-  Journal  "  for  1831  to  18S7. 

Johnson's  "  Practical  DraughtAwan." 

Burgh's  "Modem  Marino  Engineering." 

Pngin's  "  Gothic  Architecture,"  3  volumes. 

f  airbalm  on  ' '  CsAt  and  Wrought  Iron." 
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Auchinc1o8s*s  *'  Link  and  Valve  Motions." 

Pugln  &  LeKeux*8  **  Architecture  and  Antiques  of  Normandy/' 

Hotclikinson's  **  Strength  of  Cast  Iron." 

Tredgoldon  **Heat." 

**        "   **  Locomotive  Engines."    2  volume?.     Text  and  platts. 

•*         **   "  Steam  Navigation."    2  volumes. 
Ewbank's  "  Hydraulics  and  Meclianics." 
Elliott's  '*  European  Light-House  Systems." 
Ishepwood's  **  Engineering  Precedents."    2  volumes. 
**The  Artisan.'*     Several  volumes. 
Greenougli's  '•Polytechnic  Journal." 

*•  The  Imperial  Cyclopcedia  of  Machinery."    Text  and  plates. 
Bourne's  **  Treatise  on  the  Steam  Engine." 
**  Clark's  Railway  Machinery."    Text  and  plates. 
Benjamin's  **  The  Architect  and  House  Carpenter." 
Hann  &  Jonner's  "  Steam  Engine  for  Practical  Men." 
Lardncr  on  "  The  Steam  Engine." 
Parker's  '*  Glossary  of  Architecture." 
Together  with  an  extensive  series  of  back  volumes  of  the  "Journal  of  the 
Franklin  Institute  "  and  **  Van  Nostrand's  Magazine." 

During  the  year  the  Society  has  been  able,  by  the  courtesy  of 
Prof.  A.  MacLay,  of  Glasgow,  to  complete  its  series  of  "  The 
Engineer,"  of  London.  Its  file  of  "  Engineering  of  London  "  is 
now  complete,  except  Vols.  I  and  II.,  still  lacking.  In  the  "  Jour- 
nal of  the  Franklin  Institute,"  gaps  occur  as  follows :  all  previ- 
ous to  1854  ;  from  18€0  to  1869. 

Of  "  Van  Nostrand's  Engineering  Magazine,"  the  series  of 
thirty-five  volumes  is  complete  from  1869,  when  it  w^as  inaugu- 
rated, till  the  end  of  1886,  when  its  publication  was  merged  into 
that  of  another  journal. 

The  following  is  a  brief  resinne  of  the  finances  of  the  Library 
Fund: 

There  has  been  actually  paid  in  as  cash  to  the  Library  Perma- 
nent Fund  and  reported  in  previous  reports  of  the  Treasurer  and 
Finance  Committee  : 

For  the  year  1884-85 $408  40 

"     *'       *'     1885-86 110  00 

•*     "       "     iaS6-87 145  CO 

"     •*       ••     1887-88 95  00 

*♦     "       *'         **        (gift  of  Philadelphia  Committet>)  ...  206  36 

"     "       **    1888-89 89  00 

"     '*       *'         *•■        (transfer  from  current  fund) 79  25 

Interest  account  previously  rendered   $117  08 

Interest  to  Julv  1,  1880 61  26 

178  84 

Total $1,311  85 
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To  tiie  fund  for  cnrrent  expenses  the  payments 

have  been  as 

bUows: 

For  ihe  year  I8e4-?5 

(164  GO 

1886-86 

234  flO 

1880-87 

308  35 

'    18'-7-*'8 

aOl  ™ 

'     1888-89 '. 

83S  00 

ToUl  t arret) t  Expense  Puiid 

ti,ua2  vi 

Tiital  Peimanenl  Fund 

1.811  85 

OrsDd  Urtal 

♦2,633  47 

peodtwl  were  put  in  BaTinRB  bEoks  by  order  of 

iliet'ommiitee.  and  have  beep  ihE-re  .Bccnmu- 

indlwtM. 

T!ii<  dltbiitsements  on  ncrount  of  the  Library 

^^m 

Fond*  for  the  purchase  of  booka  and   blcding 

^^^^^H 

nfMdiangeaandperiodicalB,  has  amounted  in 

^^^^^^H 

P'pvious  years  U> 

$49!i  il 

^^^^^H 

248  00 

Tutnl  (rxpendilnre 

$741  27 

^H 

[1 Tnasterfed  f torn  Current  to  Parnianenl.  Fund . . 

78  25 

^^H 

K 

820  SB              _^^^ 

^F       So  rlim  It,  thp  savings  banbi  is  a  biilnnce  of 

#1,812  1)5 

IS  per  the  Brport  of  the  Finanre  Comuiiiteo 
giveD  elsewhere. 
He  following  is  a  list  of  exchanges  which  are  continuallj  on 
file  in  the  library : 

SOCIETIES,  AMERICAN. 
Amerinin  Society  of  Ctvil  Eogineers.  New  York  City. 
American  Institute  of  Mining  Engineerii,  New  York  City. 
Ametiean  Inntitote  of  Electrical  Engioeen,  New  York  City. 
iMoeialed  Engiueeriiig  Societies,  St.  Loals,  Ho. 
Boston  Society  Civlj  Eagineen,  Bo«ton,  Mass. 
Society  of  Arts,  BustoD,  Mass. 

CiDadian  Society  Civil  Engioeere,  Montreal.  Canada. 
C^Til  Engineers'  AsBociatlon  of  Kansas,  Wicliita,  Eao. 
EDgineere'  Clab  of  Kansas  City,  Kaavas  City,  Mo. 
Engineers'  Society  of  Western  Penna.',  Pi'.tsbargh,  Pa. 
Engineere-  Club  of  PhiU.,  Phil*.,  Pa, 
Franklin  Institnte,  Phlla.,  Pa. 

Indiaoa  Society  Civil  Engineers  and  SurTejors,  nemington,  Ind, 
Muter  Car  Baildera'  Association,  New  York  City. 
U.  S.  Naval  InsUtnte,  Annapolis,  Md. 

SOCnmES,  FOBGIOIf. 
Iron  and  Steel  Instltate,  London,  England. 
luiJtute  Engineers  and  Shipbuilders  of  Scotland,  Glasgow,  Scotland. 
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Institution  Civil  Engineers  of  Great  BritaiD,  London,  England. 

Institution  Mechanical  Engineers  of  Great  Britain,  I^ndon,  Eng 

Institution  Civil  Engineers  of  Ireland,  Dublin,  Ireland. 

Ingenoirs  Forenginens  Forbandlinger,  Stockholm,  Sweden. 

Liverpool  Engineering  Society,  Liverpool,  England. 

Mining  Institution  of  Scotland,  Hamilton,  Scotland. 

N.  E.  Coast  Inst.  Eng.  and  Shipbuilders,  Newctistle-ou-Tjne,  E 

North  of  Eng.  Inst,  of  Mining  and  Mech.  Eng.,  NewcastJe-on-Tj 

Polytechnic  Society  of  Norway,  Kristiana,  Norway. 

Societe  des  Ingenieurs  Civils  France,  Paris,  France. 

Annates  du  Conservatoire  des  Arts  et  Metiers,  Paris,  France. 

JOURNALS,  AMERICAN. 

American  Machinist,  New  York  City. 

American  Engineer,  Chicago,  111. 

American  Journal  of  Railway  Appliances,  New  York  City. 

American  Miller,  Chicago,  111. 

Boston  Journal  of  Commerce,  Boston,  Mass. 

Chicago  Journal  of  Commerce,  Chicago,  III. 

Engineering  News,  New  York  City. 

Engineering  and  Mining  Journal,  New  York  City. 

Electric  Power. 

Electrical  Review,  New  York  City. 

Fire  and  Water,  New  York  City. 

Industrial  World,  Chicago,  111. 

Mechanics,  Philadelphia,  Pa. 

Manufacturers'  Gazette,  Boston,  Mass. 

National  Car  Builder,  New  York  City. 

Power,  New  York  City. 

R.R.  and  Engineering  Journal,  New  York  City. 

Railway  News,  New  York  City. 

R.R.  Gazette,  New  York  City. 

Stevens  Indicator,  Hoboken,  N.  J. 

The  Locomotive,  Hartford,  Conn. 

The  Locomotive  Engineer,  New  York  City. 

JOURNALS,  FOREIGN. 

Architektu*  a*  Inzenyru',  Prague,  Bohemia. 

Engineering,  London,  England. 

Engineer,  The  London,  England. 

Electric  Review,  London,  England. 

Giornal  del  Genio  (^ivile,  Rome,  Italy. 

Glaser's  Annalen,  Berlin,  Germany. 

Indian  Engineering,  Calcutta,  E.  I. 

Iron,  London,  England. 

Industries,  Ijondon  and  Manchester,  England. 

L'lndustria,  Milan,  Italy. 

Practical  Engineer,  Manchester,  England. 

Proceedings  Royal  Tech.  Mech.  Laboratory  of  Instr. 

Stahl  und  Eisen,  DUsseldorf. 
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"Tlie  TransactioiiB  of  the  Society  may  also  be  found  in  the  fol- 
•'«v-ii3g  institatioiis,  to  wlioae  libraries  they  are  regularly  sent 
Alier  as  donations  or  in  return  for  certain  publications  issued 
y  tkem : 

Stn^Ds  Inst.  Tech.,  Hoboken.  N.  J. 

Fiik  Cnivenitf,  Naibville,  Tenn. 

V»Dcl«rbiit  Dntrprslly,  Nasbvitle,  Tenn. 

Boiral  Tuehaical  tnBiilutioa  i>f  Ri-senicb.  CliarlotLeuliur^,  Oerivian;. 

Thn  YorkshiTH  Coltege.  Leetls.  England. 

ArkuKuw  Indnittiiil  I'liivtrKity,  Pajetievillp.  Ark. 

Uufrau  of  N«»al  InteHigen(;o,  U,  8.  N..  VVushingtoD,  U.  C. 

Ohio  State  University,  Colurabna,  Ohio. 

Am^rlmD  Institute,  N*w  York  City. 

Rfnssolaer  Polytechnic  Institute,  Troj.  K,  Y. 

Sibley  College,  Cnroell  Unlvereity.  Ithacn.  N.  Y. 

Colrerairj  [jbrnry,  Cornell  lToiver?itj,  Ithaca,  N.  Y. 

UnirerBity  of  nitDois,  Champaign,  III. 
j  C,  8.  Ncval  Ob»efv»lOpy,  Waghington,  D.  C. 

I  C.  S.  Fat^iit  Office,  Scleiiiiac  Library,  Waahiti^n,  D.  C. 

'  r.  S.  P»tent  OfflM  Library,  London.  England. 

Ui»&<;buaettH  Inst,  at  Technology,  Boston.  Mass, 
(Society  of  Arts.) 

CnoHfrvatoire  drs  Ails  i>t  Meiiei?,  Puris,  Franco. 

Free  Pnbli;  Library,  Wortosler,  Mass. 

i'aidae  Valv^raii),  LutitfoliB,  lud. 

UniTereity  College,  London. 

UniTeraitj  of  Michigan,  Add  Arbor.  Micb. 

Colambia  College  Library,  N«w  York  City. 

Lebigii  UniTerrity,  Bethlehem,  Pa. 

lltOill  Univeraity,  Montrej^l,  Can. 

lona  Agricultural  College,  Ames,  Iowa. 


The  Committee,  in  concluding,  -would  call  the  attention  of  the 

Society  to  the  proposed  opening  of  its  library  during  the  evenings 

of  the  week,  between  the  hours  of  7  and  10.30,  in  order  that  the 

library  and  its  contents  be  made  as  useful  aa  possible  to  those 

whose  engagements  during  business  hours  would  prevent  them 

from  making  use  of  it,  conveniently,  at  such  times.     The  opening 

in  the  evening  is  something  of  an  experiment,  involving  a  certain 

ontlay  for  fuel,  light,  and  service,  and  it  will  remain  to  be  seen 

whether  the  nse  by  the  members  of  the  facilities  furnished  them 

will  warrant  the  continaance  of  the  evening  opening  of  the  rooms. 

The  rooms  will  not  be  open  on  New  Year's,  Fourth  of  July, 

Tbank^ving,  or  Ohristmas  evenings. 

The  Preaident. — I  would  add  just  one  word  to  what  Mr.  "Wood- 
bury has  stated,  to  call  attention  to  the  fact  that  our   library 
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fund  is  growing  hopefully,  and  chiefly  from  the  contribntions  of 
two  dollars  per  annum  from  members  who  have  notified  the 
Secretary  of  their  willingness  to  pay  that  small  sum  each  year 
until  they  notify  him  to  the  contrary.  In  this  way  the  fund  is 
increasing  without  any  trouble  to  any  one  and  with  a  very  small 
additional  charge.  All  members  who  take  interest  in  the  library 
fund,  and  who  can  afford  to  do  so,  can  do  no  better  work  for  it 
than  to  notify  the  Secretary  that  they  are  willing  to  have  this 
small  sum  of  two  dollars  per  year  assessed  upon  them. 

The  Committee  on  Standard  Flanges  of  Pipe  reported  pro- 
gress. 

The  Committee  on  Duty  Trials  of  Pumping  Engines  reported 
progress,  and  that  they  hoped  their  full  report  would  be  ready 
for  the  Spring  meeting. 

The  Committee  on  Uniform  Test  Pieces  and  Methods  of  Test 
reported  provisionally  through  Prof.  Thurston,  for  the  Chairman. 
This  report  embodies  not  only  certain  of  the  recommendations 
of  the  Committee,  but  also  a  translation  made  by  Gus.  C.  Henning, 
reporter  of  the  Committee,  of  the  conclusions  reached  at  the 
Conferences  at  Munich,  in  September,  1884,  and  at  Dresden, 
1886,  relative  to  uniform  methods  of  procedure  in  testing  building 
and  structural  materials.  This  translation  is  the  first  which  has 
been  made  of  these  resolutions  and  will  be  published  at  the  close 
of  the  papers  of  this  meeting  as  one  contributed  to  it.  The  re- 
port of  the  Society's  Committee  will  itself  be  presented  later, 
when  the  Committee  has  been  advised  by  certain  members  of  the 
Society,  who  may  have  then  had  the  opportunity  to  study  the 
suggestions  made  in  Germany,  and  so  that,  if  possible,  their  rec- 
ommendations may  partake  more  of  an  international  character. 

The  President,  under  the  rules,  appointed  Messrs.  Webster 
and  Hill  as  tellers  to  count  the  ballot  for  officers  to  be  elected  at 
this  time,  such  tellers  to  report  later  in  the  session. 

The  Committee  of  the  Society  appointed  at  the  Erie  meeting, 
in  May,  1889,  to  consider  the  question  of  requesting  the  consti- 
tution of  a  govermental  bureau  for  the  recording  of  standards, 
reported,  through  Mr.  Coleman  Sellers,  the  following : 

COMMITTEE  REPORT. 
To  the  President : 

We,  your  committee  appointed  at  the  Erie  meeting  to  take  under  coDsidera- 
lion  the  subject  of  a  Govermental  Bureau  for  the  record  of  Standards,  beg  leave 
to  report  as  follows  : 

First.     We  give  pur  earnest  recommendation  to  the  project,  and  advise  that 
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We  present  hfirewiiU  n 

tmmltim  lo  taribKr  liie 'oitttet  at  i 
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Third.     We  present  harewitli  e 

lb  iDMallUliia  of  sncli  n  (love rineut 

Wii^rtDprorldelbe  nlxiTe  eoaiiniUt  e 

I  ]Mt.  loit  WH  rec^iOTneiid  the  pussttgi 

fftrth.    We  present  lieremUh  I 
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Tlie  Committee's  first  series  «l  tettoltltiinis  was  then  |w»* 
SMted  for  adoption  by  the  Society,  and  -warn  oarried  in  the  lorm 

below ; 


Braolrpd,  by  tbe  American  Sode\y  of  Me«bftntc«l  EnglDFora  : 
Fir-l.    Tl.at  a  coiiimitlee  of  three  lie  appointed  by  the  President,  snch  com- 
miii^p  In  he  liMown  no  the  Commitlee  of  Siandards  ; 

.S'ronil,  TliBt  when,  from  an;  rensna.  TBOancies  arise  in  such  Committee, 
llw  Pftvidcut  alinU,  mi  aoticia  llxettrof,  Sll  Bach  vacancy  by  appointment  undet 
IbeBDlea; 

TMrd.  That  it  Bhsll  be  tbe  dntj  of  sach  Committee  on  Standarde  to  ubb  all 
namnable  effons  to  wcare  Boch  Ckingresidoiial  legislation  as  will  provide  h 
OorenuneDUl  Bnreaa  of  record  wherein  nay  be  entered  respectably  recognized 
udappTOTed  Standards,  for  the  promotion  of  uniformity  in  the  producta  ot  arts, 
in  techniciJ  cuBtoms,  and  in  nomenclatnre  ; 

Fourth.  That  in  the  event  of  snch  legislation  being  secured  and  sach  bureau 
being  proTidrd  for,  it  shall  become  the  duty  of  bucb  Committee  on  StandsrdB  to 
Sle,  on  behalf  of  tbU  Society,  applications  for  the  entry  of  such  Siandards  as  the 
Society  may  hereafter  from  time  to  time  approve  for  record  ; 

f^fth.  That  properly-ceniSed  bills  for  postage,  Btationery.and  other  expenses 
ineurred  by  such  Committee  of  Siandards  in  its  l^fforts  to  procure  the  Congressional 
legislation  herein  looked  to,  be  paid  oat  of  tbe  funds  of  the  Society  in  amounts 
limited  at  tbe  discretion  ot  tbe  CoanciL 

The  second  series  of  resolutions.,  which  was  thought  to  com- 
mit the  Society  to  an  opinion  or  policy,  «nd  which  would  be 
transmitted  as  introducing  the  proposed  bill  to  Oongress,  was  as 
follows,  after  suggested  amendments  were  made  by  the  meeting 
and  accepted  by  the  Committee  : 
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RESOLUTIONS. 

Resolved,  by  the  American  Society  of  Mechanical  Engineers,  having  more 
than  one  thousand  members  engaged  in  the  manufacturing  industries  of  the 
country  and  in  allied  professional  pur  uits  : 

First,  Tlie  time  has  arrived  when  practical  Standards  of  uniformity  based  on 
a  common  understanding  are  essential  to  industrial  business  and  proffSsioDal 
pursuits ; 

Second.  A  large  number  of  practical  Standards  of  respectable  recognition 
and  approval  are  now  in  use,  but  witliout  authentic  record  ; 

Third.  Systemetic  procedures  in  the  matter  of  recording  such  approved 
Standards  would  tend  toward  the  inauguration  of  many  other  greatly  needed 
Standards,  tending  toward  uniformity  and  iuteiciiangeability  of  merchantable 
producti^,  in  improved  codes  and  signals,  and  in  scientific  nomenclature. 

Fourth.  Provision  should  be  made,  under  Govermental  auspices,  for  a  place 
of  record  for  Standards  having  respectable  recognition  or  approval  regarding 
iheir  fitness  for  such  record. 

The  Discussion  on  the  adoption  of  this  series  of  resolutions 
was  opened  by  Mr.  Kent. 

Mr.  William  Kent,  —  I  do  not  wish  this  resolution  to  be 
hastily  put  and  carried  without  a  full  appreciation  of  the  fact 
that  in  passing  it  in  its  present  form,  we  will  violate  an  estab- 
lished precedent  of  the  Society,  which  is,  that  in  a  meeting  like 
this,  no  resolution  shall  be  passed  which  commits  the  Society  to 
an  opinion.  That  question  has  been  debated  two  or  three 
times  in  the  history  of  the  Society,  and  for  four  or  five  years  at 
least,  we  have  had  the  practice  and  the  custom  established,  that 
the  Society  should  pass  no  resolution  which  would  commit  the 
Society  to  an  opinion  on  auy  subject.  I  merely  make  this 
statement  so  that  if  members  vote  for  the  resolution  they  will 
vote  with  a  knowledge  that  this  resolution  is  an  exception  to 
the  custom.     I  have  no  other  objection  to  the  resolution. 

Mr.  Coleman  Sellers. — It  seems  to  me  that  this  differs  from  any 
of  the  questions  which  have  been  under  debate  heretofore.  It 
is  one  which  does  not  involve  a  great  deal  of  responsibility  for 
the  members.  It  is  one  in  regard  to  which  their  minds  should 
be  made  up  very  quickly.  While  I  perfectly  agree  with  the 
wisdom  of  delay  in  legislating  on  matters  of  opinion  which  has 
been  advocated  and  now  expressed  by  the  last  speaker,  I  think 
that  with  justice,  this  subject  might  be  acted  upon  at  once  and 
save  some  time. 

The  Pre-ndent, — I  think  it  would  be  proper  to  qualify  the 
statement  made  by  Mr.  Kent  to  this  extent — that  the  Society 
has  repeatedly  taken  ground   in  the  past   that  it  would  not 
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f  mloT^e  any  definite  standard  or  recommend.ition,  and  pQmiit  it 
to  ^>  forth  to  the  woj-ld  as  the  "  SxANiiARn  uf  XH«  Avxaioja 
SociKiJ  Of  Mechanical  Engineehs."  But  no  sucb  iwtion  is  wHi- 
tpmplsted  in  the  measure  sow  under  cou»idoRituaL  It  u 
(imply  thiit  this  Society  shall  certify  to  a  Bureau  ctf  the  GhjT- 
tnmiciit  that  such  aud  such  a  standard  is  worthy  of  reooid* 
kanog  it  entirely  open  to  any  one  to  use  that  Htaodj^  or  not. 
Jff.  iJctfers.^This  proposition,  however,  does  not.  dven  go  so 
larMTon  now  state.  It  only  announces  that  tlio  Society  thinki 
it  rise  to  have  standards,  and  that  it  would  lie  oooTenient  to 
hiK  s»me  place  where  those  standards  can  be  recorded,  and  the 
Society  is  committed  to  no  particular  line  of  actum.  It  is  not 
ukeil  to  endorse  any  opinion  or  method.  It  is  more  limited 
even  than  the  President  has  shown  it  to  bo. 

Pnif.  R.  H.  Thvrsltm. — Without  expressing  an  opiDion  (wMoh 
[  actaally  haven't  yet  formed  distinctly)  in  regafd  to  this  vlude 
miiei.  I  would  cjiU  the  attention  of  the  Chairman  o£  the  Com- 
mittee to  the  first  Hue  of  Petition  2.  iu  tlie  Act  vhioh  has  been 
prepAFod.  reading  "  each  application  for  the  eiitiy  of  a  standard 
mibit  allow  the  approval  of  an  organized  asHooiaiion  of  iudi" 
Tiiiiiala,  respectably  representative  of  some  art,  indnstry,  pro- 
idasioii,  ui-  biauuh  of  tratlti,  ur  vooutiuo  vuuoented  with  such 
Btaodard,  or  of  the  head  of  some  department  of  the  government, 
etc.;"  which  would  seem  to  be  an  indication  that  the  Com- 
mittee had  presumed  that  societies  like  this  would  express 
themselves  positively  regarding  matters  of  this  sort. 

I  am  not  at  all  sure  that  it  is  not  a  wise  thing  to  do.  On  the 
other  hand,  I  have  not  thought  the  matter  over  sufficiently  long 
to  be  convinced  that  it  is  the  right  thing  to  do ;  and  I,  for  one, 
wonld  prefer  very  much  to  have  it  go  over  until  all  members  of 
the  Society,  including  myself,  could  have  time  to  give  it  more 
thought.  I  feel,  myself,  some  serious  doubt  as  to  the  advisabil- 
ity of  proceeding  with  precipitation  in  the  matter ;  and  I  am 
not  sure  that  I  am  yet  confident  that  our  Society  ought  to  pro- 
ceed at  alL  I  am  certainly  not  committed  against  it;  but  I 
think  we  should  move  rather  carefully ;  and  I  have  refrained 
from  taking  some  action,  which  I  had  originally  proposed  to 
take,  looking  to  the  promotion  of  work  of  the  Committee,  simply 
for  the  reason  that  I  feel  some  doubt  in  regard  to  the  whole 
matter,  and  I  would  like  to  have  time  to  remove  those  doubts 
in  my  own  mind. 
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Prof.  Sellers. — I  think  it  is  always  objectionable  to  act  hastily, 
but  of  course  this  subject  impresses  me  differently  perhaps 
from  the  way  it  may  impress  others,  having  thought  it  over  with 
the  Committee.  It  is  a  matter  in  which  I  feel  deep  interest^ 
knowing  the  position  which  America  has  already  taken  in 
regard  to  systems  of  standards.  Every  scientific  society  in  this 
country  occupies  much  of  its  time  and  effort  promoting  nni- 
formity  by  means  of  standards.  You  know  what  the  Franklin 
Institute  has  done,  and  other  societies.  Sir  Joseph  Whit- 
worth  came  to  this  country  at  the  time  of  the  Exhibition  in  the 
Crystal  Palace,  and  upon  his  return  to  England  he  told  of  the 
difference  between  America  and  England,  and  of  the  great  facil- 
ity here  in  obtaining  work  made  to  standard  sizes  at  that  early 
day.  He  said  that  there  was  not  at  that  time  in  England  a 
place  where  sashes  and  doors  could  be  made  to  standard  sizes ; 
that  every  architect  has  his  own  notions  of  proportions,  and  the 
same  was  true  as  to  the  glass  to  be  put  into  the  sash.  But  feel- 
ing sure  the  subject  will  commend  itself  to  all  members  of  the 
Society,  I  am  perfectly  willing  that  this  should  remain  over 
until  Thursday,  to  give  time  for  consideration. 

Prof.  Thurston. — If  the  Chairman  approve,  then  I  will  make 
the  motion  that  the  matter  be  laid  on  the  table,  to  be  taken  up 
as  the  special  order  on  Thursday.  As  offering  a  suggestion  to 
those  members  who  have  not  perhaps  thought  so  much  of  the 
matter  as  some  of  the  rest  of  us  have,  I  would  remind  them  that 
this  Society  has  taken  the  lead,  in  a  certain  sense,  in  the  cre- 
ation of  a  number  of  standards,  but  it  has  not  resulted  in  the 
committing  of  the  Society,  or  any  of  its  members,  in  any  matter 
of  doubt ;  but  it  has  been  accomplished  by  appointing  commit- 
tees of  experts,  who  study  the  matter  carefully  in  the  light  of 
the  knowledge  which  they  themselves  possess,  and  who  report 
what  in  their  opinion  is  a  proper  method  of  procedure,  not  in 
asking  legislation  perhaps,  but  in  doing  the  work  assigned. 
Such  was  the  Committee  of  our  Society  on  the  testing  of  boilers. 
There  we  had  certain  members  of  the  Society  presenting  simply 
their  opinion  ;  members  who  may  be  expected  to  have  as  much 
knowledge  of  the  subject  as  any,  and  whose  opinions  have  some 
weight  with  the  profession.  The  report  is  allowed  to  go  out, 
carrying  the  weight  of  the  opinion  of  those  who  present  it,  and 
of  those  who  subsequently  endorse  it ;  the  Society  as  a  body  does 
not  commit  itself  to  any  opinion,  and  does  not  take  the  attitude 
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tin!  it  lias  aiiT  right  to  express  a  definite  opinion  iu  n-j^iirJ  to  ^t^ 

j       innttem  of  detail  of  that  kind. 

I  dn  not  wish  to  he  underatood  as  objecting  at  n.11  to  the  work 
I  of  tbia  Committee.  On  the  contrarj-,  I  think  tliat  the  object 
I       »!iich  they  have  in  view  is  an  eminently  desirable  one,  and  I  .^, 

hope  to  see  a  practical  way  found  of  attaining  it.     All  I  aak  is  ''._  ^ 

tbat  members  may  have  ample  time  to  think  the  matter  over         '  "  ''* 
vith  care ;  ao  that  each  shall   know  what  he  does  think,  and 
which  way  be  may  finally  best  vote. 

}tf.  Obtffhi  Smitli.—l  second  the  resolution  to  postpone  this 
natter  until  Thnrstlay.  I  think  it  is  better  that  we  should  all 
look  orer  the  copies  of  this  resitlntion  anfl  form  an  opinion  and 
be  prepared  to  offer  amendments  that  seem  desirable  ;  and  as  we 
hare  a  lai^  and  representative  meeting  I  would  particularly 
(icpreeate  passing  it  over  until  the  Spring  convention,  beoaase  it 
19 »  matter  of  great  importance  that  should  be  voted  oh  now. 
An  Dr.  Sellers  has  remarked,  it  is  not  committing  the  Society  in 
Any  important  sense,  and  we  have  no  law,  at  any  rate,  against 
voting  on  a  question  of  this  kind  at  our  meetings.  The  matter 
iu  qcestiou  is  one  that  should  be  brought  before  Congress  this 
scHsinii,  early  in  Defembcr,  ho  that  it  will  not  V>e  crowded  out  in 
[he  Spring  as  bo  many  important  biiis  are  ;  bills  which  members 
of  Congress  are  perfectly  willing  to  pass,  but  do  not  have  time 
enongh  left  for.  If  this  can  be  settled  by  Thursday  or  Friday, 
and  properly  put  before  Congress  early  in  the  session,  we  will 
have  a  chance  of  its  passing  this  vriBter,  which  will  put  forward 
this  importmt  reform  a  year  at  any  rat«. 

[At  thU  poiot  ibe  iDotion  to  lay  on  the  table  nas  pnt  and  carried,  aod  tbe 
dlKQSdon  WW  adjouraed  until  Thuwday,  Wheo  tbe  subject  was  resumed,  the 
debate  was  opened  by  Ptot.  Colemaa  Sellers.] 

Mr.  Cbleman  Sdlers. — It  may  be  weU  to  state  for  the  infor- 
mation of  those  members  who  have  not  carefully  read  the  pro- 
posed action  of  the  Society  that  this  plan  of  Mr.  See's  to  organize 
a  Bn'reaa  in  Washington  for  the  record  of  standards  is  one  that 
does  not  commit  the  Society  to  any  standard  or  commit  them  to 
soy  opinion  in  regard  to  particular  standards.  I  do  not  think 
there  can  be  any  difference  of  opinion  as  to  the  one  principle 
that  is  involved  in  it,  that  is,  of  having  in  Washington,  at  tlie 
seat  of  Oovernment,  some  record  of  all  the  proposed  standards 
that  may  be  offered.  We  find  now  that  for  the  want  of  some 
accessible  published  statement  of  the  attempts  of  various  socie- 
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ties  and  individuals  to  arrange  and  systematize  their  output  that 
there  is  apt  to  be  confusion,  and  work  done  by  different  societies 
and  different  organizations  seems  to  clash.  As  for  instance,  at 
the  present  time  I  have  learned  since  I  have  been  in  this  room 
to-day,  that  while  in  England  there  is  an  attempt  made  through 
the  Board  of  Trade  to  have  a  law  passed  making  it  illegal  to 
make  any  attachment  to  gas  meters  other  than  those  that  are  of 
the  form,  size,  dimensions,  pitch,  etc.,  of  threads  prescribed  by 
them  for  the  standards  of  meter  connections,  and  that  the  same 
thing  was  being  done  in  America  without  any  knowledge  at  all  of 
what  was  being  done  in  England ;  it  so  happens  that  the  actions 
of  the  two  peoples  interested  in  this,  almost  coincide,  and  that 
there  is  scarcely  any  difference  between  them  at  alL  There  is,  in 
fact,  so  little  difference,  that  if  at  the  present  time  the  American 
people  interested  in  this  one  question  should  push  their  system  to 
the  fore  and  have  it  established  in  America  as  the  standard,  there 
is  but  very  little  doubt  that  the  slight  discrepancies  would  be 
acceded  to  by  the  people  of  Great  Britain,  and  the  standard  of 
America  would  be  adopted  in  England.  We  might  as  well  be  in 
advance  of  the  world  in  these  things  as  to  follow  the  lead  of 
others.  You  know  perfectly  well  that  this  Society  recommended 
the  Briggs  standard  for  pipe  threads,  but  still  there  is  confusion 
in  regard  to  it.  It  has  not  been  thoroughly  carried  out.  It  is 
possible  to  have  this  all  done  in  a  better  way,  if  any  person 
interested  in  the  subject  knows  exactly  where  to  go  for  the  infor- 
mation. Now,  what  is  proposed  by  this  Committee  on  standards 
is  that  any  organized  society  as  a  society  of  civil  engineers,  or 
a  gas  society  or  a  society  of  electrical  engineers,  or  the  Tranklin 
Institute,  or  any  other  institute  recommending  a  standard,  that 
that  standard  shall  be  recorded  in  tlie  Patent  Office  at  Washing- 
ton upon  the  payment  of  a  certain  fee,  say  a  fee  of  fifteen  dol- 
lars. It  is  then  published  in  the  proceedings  of  the  patent  office 
in  tlie  Gazette,  so  that  everybody  having  access  to  the  Gazette 
will  know  exactly  what  is  done.  It  does  not  by  law  compel 
people  to  adopt  these  standards.  Nobody  is  compelled  to  adopt 
them,  but  it  is  safe  to  trust  to  the  good  common  sense  of  the 
American  people  to  select  the  fittest  from  them  all  and  adopt 
that  which  is  the  best.  It  enables  one  to  know  where  he  can 
find  the  information  which  is  of  the  most  importance  in  this  par- 
ticular branch.  We  do  not  ask  the  Government  to  give  us  such 
service  for  nothing.     We  say  that  this  shall  only  be  done  upon 


tiiB  payment  of  a  fee  wliich  is  more  tLau  sufficient;  to  compen- 
uto  for  the  record  and  the  publication.  Nor  do  we  ask  tliis 
Society  to  commit  itself  to  any  qnestirm  except  the  one  thing, 
(bat  it  is  desirable  to  have  some  one  place  where  theae  things 
at  be  recorded,  precisely  aa  it  ia  when  you  take  out  a  copyright. 
Yon  muafc  deposit  in  the  library  at  Washington  two  copies  of  the 
liiwk  yoa  pnblish,  and  everybody  knows  tbat  it  is  possible  to  find 
in  Washington  a  duplicate  of  what  has  been  copyrighted.  So  if 
this  plftn  is  carried  out,  it  will  be  possible  to  know  at  once  what 
hu  been  done  in  reference  to  standards  hy  applyiuj^  to  the 
Giivemment  Department.  I  hope,  in  presenting  it  in  that  way, 
tkere  will  be  no  diiference  in  regard  to  the  principle  involved. 
Tiiere  may  bo  a  difierence  of  opinion  in  regard  to  the  method  of 
acmiuplishiug  the  object.  It  may  be  that  the  Committee  has  not 
presented  the  best  plan.  I  believe  some  cliangea  may  be  made 
tc  Mlvautage.  I  have  even  heard  that  it  is  proposed  to  im- 
ptovD  it  very  much  by  prefixing  a  preamble  to  the  act  of  Con- 
firess,  and  I  hope  that  some  one  will  present  such  a  preamble 
Mil  ilo  eveiythiiig  to  make  the  action  of  this  Committee  stronger 
tliAii  it  is  at  present. 

i!r.  K-iit. — I  am  entirely  in  favor  of  the  ]>ro])OHpd  Standard 
iiuftHtu.  I  (liiuk  the  act  to  be  paifcied  by  the  House  of  llt^piet- 
Bentativea  and  the  Senate  is  all  right,  except  that,  if  passed  in 
its  present  form,  the  American  Society  of  Mechanical  Engineers 
may  find  difficult;  some  day  in  agreeing  upon  a  standard,  and 
the  question  might  be  raised  whether  a  minority  of  the  Mechani- 
cal Engineers  should  be  able  to  prevent  the  adoption  of  a  stand- 
ard. Professor  Sellers  has  said  that  the  American  Society  of 
Uechanicol  Engineers  has  adopted  the  Briggs  Table  or  system 
for  pipe  threads. 
Mr.  SeUers. — Becommended  it,  I  understood, 
ifr,  Kent — They  have  not  recommended  it  at  all  The  Ameri- 
can Society  of  Mechanical  Engineers  deliberately  refused  to 
recommend  tbat  standard,  and  took  the  same  action  concerning 
it  tbat  they  did  in  regard  to  the  report  of  the  Boiler  Test  Com- 
mittee, and  refused  to  recommend  any  standard  whatever  of  any 
kind  or  to  express  any  opinion  whatever  as  a  Society  on  any  aub- 
jecL  Thia  question  was  very  thorongbly  discussed  at  the  Atlan- 
tic City  meeting,  where  the  question  came  up  of  the  Society 
ipproving  the  report  of  the  Boiler  Teat  Committee.  It  waa 
finally  resolved  not  to  approve  the  report,  not  to  disapprove  it. 
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but  to  receive  the  report  and  order  it  printed  without  any  expres- 
sion either  of  approval  or  disapproval  The  report  goes  before 
the  world  signed  by  five  members  who  were  the  Committee,  and 
the  Society  is  in  no  way  responsible  for  that  report,  except,  that 
it  authorized  it  to  be  printed  in  the  transactions,  together  with 
the  debate  on  it.  The  same  question  was  raised  when  the  report 
of  the  Pipe  Thread  Committee  was  presented,  and  it  was  re- 
solved not  to  approve  that  report,  not  to  disapprove  it,  but  to 
order  the  report  printed.  As  was  well  stated  at  the  time  of  the 
discussion  of  the  Boiler  Test  Committee,  the  formal  report  pre- 
sented by  the  committee  of  five  men  who  are  acknowledged  and 
appointed  by  the  Society  as  experts  in  any  particular  branch, 
will  carry  greater  weight  than  an  expression  of  an  opinion  by  a 
majority  vote  of  a  meeting  held  in  some  city,  at  which  there 
is  not  one-tenth  of  the  Society  present,  and  not  one  twentieth 
expert  in  the  particular  subject  reported  on. 

The  proposed  Act  of  Congress  states  that  an  application  for 
registration  of  a  standard  must  show  the  approval  of  an  organ- 
ized association  of  individuals  or  the  head  of  some  department 
of  Government  or  the  Chancellor  of  the  Smithsonian  Institution. 
The  American  Society  of  Mechanical  Engineers  is  one  of  these 
organizations.  We  have  already  established  a  precedent,  that  we 
will  not  recommend  anything,  will  not  try  to  force  a  standard  or 
a  rule  or  law  upon  any  body  of  men  whatever,  or  upon  the  coun- 
try; but  that  the  Society  will  appoint  committees  to  make 
researches  to  bring  in  their  reports,  and  will  order  these  reports 
printed  in  its  transactions  if  it  thinks  them  worthy  of  it,  but  it 
will  not  place  itself  on  record  as  trying  to  enforce  a  standard- 
Now,  I  would  suggest  that  this  act  be  amended  by  the  insertion 
of  the  clause  in  the  second  line  of  Section  2,  after  the  word  "  in- 
dividuals," "  or  a  regularly-appointed  committee  of  such  associa- 
tion."    That  will,  I  think,  eliminate  all  the  difficulties. 

Mr,  Sellers, — I  would  accept  that  amendment  without  any 
hesitation,  at  all ;  and  if  in  our  own  Society  we  could  limit  the 
action  of  these  proposed  committees  in  this  manner,  that  we 
should  definitely  authorize  their  publication  of  a  proposed 
standard,  not  thereby  committing  the  Society  to  it  at  all,  we 
should  thus  assure  some  control  over  the  number  of  standards  to 
be  adopted.  That  is,  while  we  do  not  commit  ourselves  to  any 
particular  standard,  we  should  certainly  have  the  right  to  say 
whether  one  of  our  committees  should  have  the  right  to  publish 
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it.  Xow,  tliis  plan  (loes  not  commit  any  one  to  the  adoption  of 
theee  stauilnrds,  nor  does  it  commit  tlie  Society  in  any  way; 
bnl  if  this  clause  is  added,  it  will  add  yery  much  etreogtb  to  the 
vliuie  act,  and  at  the  same  time  free  us  fiom  some  embarrass- 
meot  in  the  matter. 

Mr.  Gto.  M.  Boial. — As  1  understand  it,  the  woid  "recogni- 
tiuu"  applies  to  public  recognition,  which  would  obtain  before 
the  approval  of,  and  not  directly  connected  with  any  action  by 
the  American  Society  of  Mechanical  Euf^iueerf*. 

Standards  might  be  found  to  be  of  public  utility  before  the 
Cumaiittee  had  anything  to  do  with  them,  and  in  that  way  be 
first  brought  to  the  notice  and  have  the  approval  of  this  Commit- 
tee; 80  that  the  word  ■'recognition,"  aa  it  there  appears,  would 
not  imply,  by  any  action  we  may  now  take,  an  endorsement  by 
this  Society.  I  would  also  suggest  that  the  word  "  such  "  be  in- 
wrtwil  before  the  word  "record"  in  the  resolution. 

The  PtrMdent. — The  action  taken  by  this  Societj-  under  oar 
pnwnt  rules  would  be  rather  in  the  nature  of  an  approval  of  a 
Btauilard  as  one  fit  for  record,  not  necessarily  aa  endorsing  the 
stanilaril  /jcc  se. 

Prof.  'J'/iiiri^lun. — As  bearing  upon  this  matter  of  amendment, 
u  well  as  the  original  motion,  I  would  suggest  that  the  action 
lias  hitherto  been :  not  the  approval  by  a  committee  of  a  certain 
whenie,  but  the  presentation  by  a  committee  of  the  best  that 
they  have  been  able  to  prepare,  in  the  light  of  their  knowledge 
at  the  date  of  their  presentation ;  and,  presenting  it  in  tliat 
form,  they  simply  say,  "  tliis  is  the  best  we  have  been  able  to 
do,  and  we  wish  to  pat  it  on  record ;"  those  who  believe  it  de- 
sirable win  accept  it ;  those  who  do  not,  will  not  approve  it  No 
iadividual  or  society  is  committed  to  the  scheme  ;  but  it  never- 
theless represents  a  standard  toward  which  all  may  work  as 
may  be  deemed  best.  The  result  will  naturally  be  that,  if  we 
do  SDcceed  in  finding  a  method  that  is  practical  and  useful, 
those  most  interested  in  the  matter  will  accept  it  gladly,  and  it 
would  become  by  general  practice  an  accepted  standard ;  and 
this  is  the  oiUy  way  by  wliich  a  standard  can  be  made.  It  re- 
quires no  endorsement  by  us,  and  should  have  none,  I  think. 

Afr.  Philip  S.  Vborhees. — The  motion  before  the  Society,  if  I 
apprehend  it  correctly,  is  to  adopt  the  resolution  proposed  by 
the  Committee.  It  seems  that  there  is  a  diversity  of  opinion  as 
to  the  propriety  of  passing  this  resolution  as  a  resolution,  in 
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view  of  the  fact  that  it  commits  the  Society  to  an  opinion.  It 
has  occurred  to  me  that  perhaps  a  solution  of  the  difficulty 
might  be  reached  at  the  proper  time,  in  discussing  the  act 
itself — that  then  the  substance  of  this  resolution,  which  cer- 
tainly very  clearly  puts  the  necessities  of  the  case,  might  be 
embodied  in  a  preamble  to  the  act  itsell  If  this  is  done,  it 
might  avoid  debate  as  to  the  propriety  of  committing  the 
Society  to  the  expression  of  an  opinion.  At  the  proper  time  I 
would  therefore  move  that  the  substance  of  the  resolution  which 
I  have  embodied  in  almost  its  identical  language,  be  inserted 
as  a  preamble  to  the  act.  Then  the  source  from  which  such 
language  emanates  will  be  known,  and  we  will  have  the  advant- 
age of  setting  forth  the  necessity  so  clearly  put  by  the  gentle- 
men of  the  Committee. 

I  have  some  hesitancy  in  making  the  motion  in  this  form,  be- 
cause I  must  move  this  in  lieu  of  the  resolution  now  before  the 
meeting,  nor  did  I  want  to  take  so  advanced  a  position  until 
there  had  been  some  further  discussion  on  the  resolution,  but  I 
will  make  the  motion  with  this  explanation  to  the  gentlemen 
assembled. 

I  will  move,  therefore,  that  in  lieu  of  this  resolution,  that  its 
substance  be  embodied  in  the  act  as  a  preamble  thereto,  which 
reads  thus : 

"Whereas  practical  standards  of  uniformity  based  upon  a 
common  understanding  are  essential  to  industrial  business  and 
professional  pursuits,"  etc. 

The  President. — If  the  meeting  will  accept  a  suggestion  from 
the  Chair,  the  simplest  procedure  will  be,  first,  to  pass  the  reso- 
lution which  has  been  offered  by  Dr.  Sellers,  then  after  that  to 
pass  a  motion  to  the  effect  that  the  resolution  be  incorporated  as 
a  preamble  in  the  draft  for  the  act  of  Congress  to  be  submitted  by 
the  Committee  for  Congressional  action.  It  would  then  read  in 
the  preamble,  "  Whereas,  the  American  Society  of  Mechanical 
Engineers  has  adopted  a  resolution  to  the  effect  that  in  the 
opinion  of  this  Society,  having  over  one  thousand  members,"  and 
so  on,  following  with  each  of  the  clauses  of  the  resolutions  as 
passed. 

After  one  or  two  verbal  amendments  were  suggested  by  the 
members  and  accepted  by  the  Committee,  the  vote  was  taken  on 
the  amended  resolutions  as  they  appear,  and  the  resolutions 
were  passed.     The  act,  as  amended  by  prefixing  the  preamble 
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pp^jwiseJ  by  Mr.  Voorhees  ai  wpted'by  the  Committee,  is  in 
th«r  haoils  for  jn-eaentatio:  Oon^Bs.  Its  Bnbatanoe  will 
anpenr  in  their  later  report 

TWCliair  annoaiiced  as  the  Botfly's  Oommittoe  on  Stfl^- 
aiils  Qnder  the  resolutions  : 

Mfests.  JaitieB  W,  S*f ....; HftiQilton,  O. 

Coleman  Sellers .....'. PUIUdelpIila,  Ps. 

PUili)>  R.  VoorLeoK.  •■■ New  York  C3tf . 

TheameDdment  to  the  ru       jl  So  proposed  I^Hr. 

TFooiiharj-  ami  duly  recordei  ing  in  May,  1889, 

nnder  the  rules  for  ameudm  sod       ii<      J  ( 

utwl  in  priuted  form  in  advi  ;  'W 

Dp  uid  pa?;aed.     The  am^iid  li        tr       i  foitn, 

to  conform  to  the  requtren:  i  of  '  If  under  wiii  i  the 
Society  ia  incorporateil,  is  ai  [ 


RrtW  OF  THB  AMEIitCA* 


t  ow  UBcnunoAL  ExatKBias. 


AfiTrcis  90. 

The  tSura  ot  tbe  Society  slmJJ  be  muiiaged  by  a  Coonoll,  cooaliidDg  of  a  PkbI- 
dcDt,  gri  TIce-PreHidenta,  nine  MamagerB.  and  a  Treasurer,  who  eiiall  also  be  the 
TrasiMBof  the  Socieij. 

id  past  (El)  Prisidents  of  tlie  Society,  while  they  retain  their  membership 
th«reiD,  shall  be  hnnwn  ag  hoDorary  Councillors,  aod  Bhall  be  entitled  to  receive 
DOIicca  ot  all  toeetinga  of  the  Couneii,  and  may  take  part  In  any  of  ItB  delibera- 
tiong;  tbey  aball  be  entitled  to  vote  npon  all  qaeetioOB  eicept  socli  aa  aSect  the 
legii  rijjbta  or  obligaitoDB  of  the  Society  or  its  members. 

Abticle  31. 

The  members  of  the  Council  shall  be  elected  from  »roong  tbe  members  and 
asBodates  of  the  Society  at  the  annual  meetings,  and  eball  hold  office  bs  fullonB  ; 

The  President  and  tbe  Treaauler  for  one  year  ;  and  no  person  shall  be  eligible 
for  immediate  re-election  as  President  who  sball  have  held  that  office  for  two 
coDBfCative  years ;  the  Vice-Presidenia  for  two  year?,  and  the  MBOBgers  for 
three yeara;  and  no  Vice-President  or  ManafEemball  be  eligible  for  immediate 
re-electioD  to  ibe  same  ofDce  at  the  expiration  of  the  term  for  wbicb  he  was 

The  President. — I  think  it  proper  to  say  a  word  further  in 
espIanatioQ  of  the  cbai^e  which  has  been  made,  the  object  of 
which  is  to  give  continuity  and  permanence  to  the  Council  to  a 
greater  degree  than  exists  at  the  present  time.  The  past  Presi- 
dents of  tie  Society  comprise  those  members  who  have  had 
tbe  greatest  experience  in   its   administration  at  one  time  or 
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another.  It  is  believed  that  the  addition  of  the  past  Presidents 
to  the  Council  will  contribute  both  qualities  I  have  mentioned, 
namely,  continuity  and  unity  of  policy  and  precedent  as  well  as 
knowledge  of  and  experience  in  its  past  doings. 

Ex-President  Coleman  Sellers  now  took  the  Chair,  by  request 
of  President  Towne,  in  order  that  the  latter  might  present  to  the 
meeting  the  following  preamble  and  resolutions : 

Whereas,  There  are  now  in  existence  four  associations  of  American  engineers, 
each  representing  one  branch  of  the  profession,  and  each  serving  a  useful  por. 
pose ;  and 

Whereas,  Many  members  of  the  existing  societies  are  desirous  that  a  new 
organization  should  be  created  which,  without  superseding  or  disturbing  those 
already  in  existence,  will  be  broader  and  more  comprehensive  than  any  of  them, 
and  thus  more  representative  and  national ;  and 

Whereas,  It  is  believed  that  the  result  thus  outlined  may  be  accomplished 
without  any  encroachment  on  the  autonomy  of  the  exibting  organizations,  and 
without  any  impairment  of  their  diHtinctive  character  ;  and 

Whereas,  It  is  especially  desirable,  in  view  of  the  contemplated  international 
exhibition  in  1892,  that  there  should  be  some  organization  broadly  representa- 
tive of  Americ:in  engineers,  and  thus  qualified,  in  their  behalf,  to  receive  and 
entertain  the  foreign  engineers,  who,  it  is  hoped,  will  then  visit  the  United 
States  ;  and 

Whereas,  The  deBirability  and  feasibility  of  closer  relations  between  the  mem- 
bers of  the  existing  organizations  were  demonstrated  by  the  experience  of  those 
who  took  part  in  the  joint  excursion  of  American  engineers  to  Europe  in  the 
summer  of  1889, 

Therefore  be  it  Resolved : 

1.  That  the  Amebican  Society  of  Mechanical  Engineebs  views  with 
favor  all  efforts  tending  to  establish  more  intimate  relations  between  the  exist- 
ing engineering  societies,  and  to  develop  a  national  organization  of  American 
Engineers ; 

2.  That  to  promote  this  object  the  Council  be  hereby  requested  to  communi- 
cate the  substance  of  these  resolutions  to  the  officers  of  the  other  engineering 
societies,  and  to  invite  them  to  unite  in  a  discussion  of  the  sabject,  and  in  an 
endeavor  to  reduce  it  to  proper  form  for  submission  to  the  consideration  of  the 
membership  of  each  society  ; 

3.  That  to  this  end  the  Council  be  further  requested  to  appoint  a  committee 
of  three  members  to  represent  this  Society  in  any  such  conferences,  to  consider 
the  whole  subject  herein  referred  to,  and  to  report  the  result  of  their  labors  to 
the  next  meeing  of  the  Society. 

J/r.  Toicne. — Several  times  during  the  past  three  or  four 
months,  both  in  this  society  and  in  our  sister  societies  of  civil 
and  mining  engineers,  mention  has  been  made  of  the  possibility 
of  some  closer  union  between  the  engineering  societies  of  the 
United  States.  The  suggestion  arose  most  naturally  from  the 
necessity  for  such  action  among  those  members  of  the  several 
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I  Bodeties  who  took  part  in  the  excursion  to  Europe  le»t  aammer. 
'  The  ease  with  which  a  union  was  acconipliahed  then,  and  the 
happy  results  which  followed  from  it  during  the  trip,  suggested 
to  many  of  UB  that  something  of  the  same  kind  might  be  done 
Dfion  a  larger  and  more  permanent  scale.  With  that  in  mind, 
the  foregoing  preamble  and  resolutions  were  offered :  I  hope 
there  will  be  some  discussion  of  this  subject.  It  is  one  of  lar^e 
*o>pe.  I  think  the  meeting  would  be  very  glad  to  hear  the  opin- 
ions of  some  of  those  older  members  of  the  Society  who  took 
purlin  the  excursion  of  last  summer.  Professor  Thurston,  for 
eiAniple. 

Pruf.  It.  JJ.  nmrslim. — Unfortunately,  for  me,  I  was  not  with 
the  committee  of  three  hundred  and  sixty  during  all  its  pere- 
j^rinatiooB  of  the  last  summer.      But  I  know  somethiup;  about 
wtidt  was  done  by  them.     The  suggestion  which  has  just  been 
iiiAiie,  in  these  resolutions,  is  one  which  was  hrst  made  in  suh- 
Ktaavei  many  years  ago.     It  was  one  of  the  many  great  plans  for 
the  benefit  of  the  profession  which  were  suggested  and  urged  by 
Alesander  Holley.     Long  before  bis  death,  he  was  endeavoring 
to  secure  the  approval  of  the  active  and  It^adiu^;  members  of  the 
«orofal  aocietioa  of  eugiuticrei  fur  thb  carxyuig  out  ui  just  sui;h  au 
idea,  in  the  general  form  of  that  which  has  now  been  presented. 
His  belief  was  that  if  he  could  secure  a  union  of  the  active  and 
tiie  leading  members  at  least,  of  all  the  great  societies  ;  such  as 
would  constitute  an  academy  of  engineering,  or  an  institution  of 
engineering ;  some  association,  in  definite  form,  of  all  the  best 
men  of  aU  the  societies,  and  as  many  others  as  could  be  induced 
to  join, — that  the  resolt  would  be  the  securing  of  a  bond  of  sym- 
pathy and  of  union  in  professional  work  among  these  societies 
which  could  not  fail  to  have  very  valuable  results.     If  I  am  not 
mistaken,  he  secured  the  appointment  of  a  committee,  in  each  of 
two  or  more  of  the  societies,  whose  duty  it  was  to  endeavor  to 
secure  action  looking  toward  such  union.    The  plan  never  took 
complete  form  ;  but  it  was  talked  over  by  Mr.  Holley,  and  by  his 
Mends,  frequently  for  a  period  of  several  years  before  his  death, 
and  has  as  frequently  come  upsince,  in  various  connections,  in  the 
several  societies.     The  experience  of  that  joint  convention  which 
was,  by  an  accident  as  it  were,  held  last  summer  in  the  visit  of 
the  several  societies  of  engineers  going  together  to  their  fi-iends 
on  the  other  side  of  the  water,  led  to  the  revival  of  this  idea  in 
BahetaDtiallj  the  same  form,  and  that,  as  we  have  just  been  told. 
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has  led  to  its  presentation  here.     It  seems  to  me  that  any  one 
who  has  given  any  thought  to  the  great  work  which  lies  before 
us,, as  an  association  of  specialists  in  engineering,  will  be  pre- 
pared to  approve  the  general  scheme.     What  form  it  may  be 
practicable  to  give  it,  cannot  to-day  be  decided.     But  a  properly 
constituted  committee  would,  I  have  no  doubt,  be  able  to  pre- 
sent some  scheme,  in  time,  when  the  matter  had  been  sufficiently 
thought  over  by  the  members  of  the  various  societies,  which 
would  lead  to  some  such  action  as  is  here  proposed,  and  which 
iseems  to  me  to  outline  one  of  the  grandest  purposes.     Such  a 
union  would  be  of  enormous  advantage  to  the  members  of  the 
several  societies,  and  to  the  societies  as  independent  bodies,  as 
well  as  to  the  profession  at  large,  and  to  the  whole  country.     I 
should  myself  be  very  strongly  inclined  to  urge   that  such  a 
committee  be  formed,  and  I  shall  hope  that  if  a  committee  be  so 
constituted  here,  it  will  find  committees   from   other  societies 
ready  to  meet  it  more  than  half  way  in  its  work,  and  that  ulii* 
mately  we  may  find  a  way  of  bringing  all  of  these  great  societies 
into  common  union  for  all  those  purposes  which  are  appropriate 
to  all  alike. 

Mr,  Oherlin  Smth. — As  one  of  the  committee  spoken  of,  who 
went  abroad  last  summer,  I  want  to  testify  to  the  feeling  which 
seemed  to  be  general  among  the  members  of  that  party,  in 
favor  of  just  such  a  combination  or  union  of  forces,  as  this. 
I  know  that  the  social  and  professional  intercourse  between 
members  of  the  different  societies,  during  their  trip,  has  greatly 
forwarded  any  movement  of  this  kind  which  may  come  up. 
Whether  we  shall  be  able  to  do  it  immediately  or  not,  there  cer- 
tainly is  more  chance  than  there  was  a  year  ago.  I  am  heartily 
in  favor  of  something  of  the  kind,  though  I  did  not  know  it  was 
coming  up  this  morning.  I  am  very  glad  that  it  has  come  up. 
I  think  those  of  us  who  have  been  to  England,  France  and  Ger- 
many, and  have  seen  the  condition  of  the  engineering  societies 
there,  will  be  still  more  in  favor  of  it,  on  account  of  the  example 
they  are  setting  us — especially  in  the  case  of  the  British 
Institution  of  Civil  Engineers,  having  nearly  five  thousand 
members.  In  this  society,  although  the  name  is  "  Civil,"  the 
members  are  not  all,  by  any  means,  nor  a  majority  of  them,  what 
we  know  as  civil  engineers  here.  They  are  simply  non-military 
engineers.  They  are  engineers  of  all  branches — men  who  build 
bridges,  roads  and  canals ;  and  men  who  make  steel,  and  who 
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l)iiild  boats  and  engines ;  men  who  do  engineering  work  of  all 
kinds,  who  are  mining  engineers,  hydraulic  engiueers,  and  elec- 
trical engineers.     These  men  together  form  the  "  Institution  of 
Civil  Engineers,"  all  working  together  in  a  civil  way,  trying  to 
aid  each  other  in  every  way  they  possibly  can,  and  forming  a 
great  society  of  power  and  influence — one,  moreover,  which  is 
not  split  up  into  warring  factions,  in  any  way  whatever.     I  do 
not  see  how  it  would  have  been  possible  for  American  engin- 
eers to  receive  the  magnificent  ovation  which  they  did  receive, 
had  the  invitations  come  from  small  societies  merely.     I  do  not 
see  how  we,  in  1892  (or  1893,  or  1900),  can  expect  to  invite  these 
men  over  here  properly,  and  have  a  "  respectable  recognition 
and  approval "  of  that  invitation  by  them,  unless  it  comes  from 
sonie   common   source,  some  kind  of  a  union  of  societies.     Of 
coarse,  there  might  be  a  temporary  committee  appointed  from 
the  different  societies,  to  invite  them  ;  but  it  would  not  have  the 
force  which  a  more  regularly  organized  Commission,  or  Joint 
Society,  or  Academy  would  have.     It  is,  I  think,  particularly 
desirable  at  this  time  that  we  should  do  something  of  the  kind, 
and  that  no  time  should  be  lost,  so  that  a  definite  policy  may  be 
settled  upon  at  the  next  spring  and  summer  meetings  of  the 
various  societies,  in  order  that  such  an  invitation  may  be  sent 
in  time,  and  plenty  of  time.     Of  course,  this  is  not  tlie  only 
object  in  forming  this  union.     We  must  look  to  our  own  inter- 
ests, the  interest  of  American  engineers  in  every  way,  and  what- 
ever we  do  now,  rather  in  a  hurry  perhaps,  that  we  may  extend 
this  invitation  abroad,  will  redound  to  our  own  benefit  durintr 
all  the  cominjif  years. 

Mr,  0.  C\  Wo(flson. — I  understood  Mr.  Towne  to  suggest  that 
the  committee  consist  of  three  from  this  Society.  It  strikes  me 
that  that  is  entirely  too  small.  Large  bodies  move  slowly,  but 
doesn't  it  seem  that  three  is  rather  a  small  number  to  consider 
a  matter  of  this  great  importance? 

Mr,  ToiniP, — To  answer  the  suggestion:  Mr.  Woolson  has 
said  very  correctly  that  large  bodies  are  awkward,  and  are  not 
rapid  in  their  work.  If  each  of  the  other  societies  responds,  we 
will  then  have  a  committee  of  twelve,  which  I  think  is  quite  as 
large  as  could  do  any  effective  work,  and  it  is  to  be  borne  in 
mind  that  the  work  of  the  committee  is  by  no  means  final  or 
conclusive.  It  is  simply  preliminary.  Its  object  will  be  merely 
to  ascertain  what  are  the  views  ot  the  four  societies,  and  then 
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for  each  to  report  the  result  of  its  inyestigation  to  its  own 
society.     It  is  provisional  work,  rather  than  anything  final 

Mr,  J,  F.  Holloway. — As  one  of  a  great  many  who  were  obliged 
to  stay  at  home  last  summer,  I  did  not  have  an  opportunity  of 
knowing,  as  those  who  were  abroad  did,  of  the  necessiiy  for  such 
an  organization.  I  think,  very  likely,  they  found  it  was  a  very 
great  improvement  over  there,  to  have  all  the  engineers  grouped 
together.  The  definition  which  Mr.  Smith  gives  of  the  term 
civil  engineers  is  somewhat  new  to  most  of  us,  because  that  term 
in  this  country  denotes  a  distinct  class  of  engineers,  and  I  think 
the  name,  British  "  Institution  of  Civil  Engineers,"  conveys  by 
its  title  the  idea  that  it  is  composed  of  the  same  class  of  people  as 
are  the  civil  engineers  in  this  country ;  but  if  they  are  an  asso- 
ciation of  all  engineers,  I  can  understand  that  they  must  have  a 
very  large  power,  and  exert  a  very  great  influence.  In  this 
country  the  distinctions  are  quite  different,  and  we  are  classified 
by  the  special  profession  which  we  follow.  And  I,  for  one, 
while  I  heartily  agree  with  the  idea  of  a  committee  to  investi- 
gate the  matter,  and  to  formulate  some  plan,  and  present  it  to 
the  Society,  have,  I  confess,  very  great  respect  for  the  growing  so- 
ciety— the  American  Society  of  Mechanical  Engineers.  They 
have  done  a  great  deal  in  the  short  time  they  have  been  in  exis- 
tence, and  we  have  great  hopes  of  their  future,  and  I  do  not  want 
to  see  them  sunk  into  another  society  in  which  they  shall  not 
have  in  the  future  the  position  that  they  certainly  would  be 
entitled  to,  and  which  they  already  have  in  the  industrial  pro- 
gress of  this  country.  I  agree,  as  I  say,  in  the  idea  that  we 
should  investigate  the  matter,  and  if  any  possible  plan  can  be 
thought  of,  in  which  we  can  all  in  a  general  way  join  together 
in  some  one  society,  well  and  good.  But  I  still  think  we  have 
our  own  place.  We  have  our  own  business  to  do  ;  and  I  think 
we  are  perhaps  as  well  fitted  as  anybody  else  to  fill  our  own 
place  and  situation,  and  meet  the  opportunities  that  are  con- 
stantly presented  to  us.  The  place  of  the  Mechanical  Engin- 
eers is  a  very  broad  one,  and  a  very  wide  one,  and  I  think  that 
this  society  is  coming  up  rapidly  to  take  that  place,  and  I  do 
not  want  to  see  it  overshadowed  by  any  other.     (Applause.) 

Mr.  Oberlin  Smith. — I  speak  again  only  because  Mr.  HoUoway 
misunderstands  me.  I  had  no  idea  of  suppressing  this  society  or 
any  other,  nor  of  sinking  them  into  a  new  and  common  society. 
I  simply  spoke  of  the  organization  over  there  which  was  enabled 
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%'{inloiiB-l  did*    I  do  not  me 

\Mdmj  moiAmtj  <d  ^liffDm  ingjor  it      ybe^aBprcH 

iMedbjMT.  Ibwn^aiideb        >:     by  ,  will  take  liwaj 

I  Ab  indhidlialitjr  6f  ifae  other     di  I    It  will  only  lielp 

IwiiiiiliiBirwork.    Qfoolu      we  tyetknowinwliatfona 

ib  m^ter  wiU  be  fimally  cry  etallij    1. 

^  JjKriilier  point :  in  epealdiig  t  w  d  ^'ciYil'*  as  meaning 
iBMllitMjr,  i  only  refexiM     to       i  a  of  the  word,  and 

tt  not  ineadt  4o  oonwy  the  it  tl  >  do  not  want  military 
lU  mml  genflemeA  with  n  Ii  m  /m  of  c  r  most  aooom*- 
Ifidied and  practical  brethzc  ic  mil  yi  li  nl  engineers; 
iadl  it  hi^pens  abo  tiiat  the  >  ^ly^  d  in  helping  ns 
b' As  arts  of  peace.  Onrw  j  nld  e  k  le  all,  whether 
ftey  are-known  as  dril,  mining,  mec  3<  »  naval,  or 

l^fauy  e^^eem.  What  we^  i  onr  c  ing  greatest  and 
Msl  impmtast  society  of  a  ,  ^  ^  -  tnply  engineenu 
We  do  liot  want  all  the  ad jei  i  (         t  very  logical 

iaiiieir  derivation. 

'  Mr.  JiB^&e  M.  SmUk. — ^I  am  heartily  in  sympathy  with  this 
tmon  proposed  by  the  resolution  of  Mr.  Towns,  and  I  wonld 
Os  fo  see  it  extended  even  farther  than  Mr.  Towne  has  sng- 
gested  Let  it  inclndcl  all  scientific  societies,  that  the  day  may 
arrive  when  we  shall  have  in  New  York  or  some  other  metropolis 
of  the  country  a  home  for  scientific  societies  where  every  society 
can  come  in  its  turn  and  hold  its  conventions,  and  have  a  home 
which  is  respectable,  and  a  library  which  shall  be  worthy  of  con- 
sultation and  everything  really  desirable.  The  idea  which  Mr. 
Oberlin  Smith  has  stated,  as  regards  the  Institution  of  Civil 
Engineers  of  Great  Britain,  has  been  carried  out  to  a  still  further 
extent  in  the  Society  of  Civil  Engineers  of  France.  The  Society 
of  Civil  Engineers  of  France  is  made  up  not  only  of  what  are 
the  civil  engineers, — that  is,  engineers  from  civil  life, — ^but  the 
engineers  from  civil  life  are  very  largely  engaged  in  military  and 
naval  pursuits,  as  is  instanced  by  M.  Garnier,  who  has  done  so 
much  for  the  present  armament  of  the  French  cruisers  and  the 
land  guns,  as  was  shown  by  the  Paris  Exposition.  I  feel,  there- 
fore, that  there  should  be  a  society  of  engineers  in  this  country 
— not  of  mechanical  engineers,  civil  engineers,  mining  engineers, 
or  any  other,  but  of  engineers — not  that  this  Society  should  over- 
shadow all  the  others,  but  that  each  specialty  shall  have  its  own 
work  to  do  and. do  it  as  it  has  done  in  the  past.     And  that  there 
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shall  be  a  society  over  all  the  others  consisting  of  all  the  othera, 
and  that  they  should  be  united  so  that  their  actions  shall  haye 
weight,  so  that  when  we  are  in  a  position  to  invite  our  brothers 
from  the  other  side  that  we  will  do  it  as  a  national  society  of 
engineers,  and  that  the  full  weight  of  brotherhood  can  be  extended 
to  them  in  that  way. 

Frof.  Cdeman  Sellers, — When  I  was  proposed  for  membership 
in  the  British  Institution  of  Civil  Engineers,  I  made  the  objection 
that  I  was  not  in  the  ordinary  sense  of  the  term  a  civil  engineer, 
having  been  most  of  my  life  engaged  in  mechanical  engineer- 
ing. Sir  Frederick  Bramwell,  who  was  vice-president  of  the 
society,  pointed  out  to  me  that  by  the  constitution  of  the  society 
there  was  no  such  limit  as  that  usually  applied  to  the  term 
"  civil  engineer,"  and  he  showed  me,  too,  that  very  many  of  their 
presidents  in  succession  had  been  the  great  mechanical  engineers 
of  England.  The  same  men  had  also  been  presidents  of  the  Insti- 
tution of  Mechanical  Engineers  of  England.  More  than  three- 
fourths  of  the  papers  read  before  the  so-called  Institution  of 
Civil  Engineers  of  England  are  papers  devoted  entirely  to  ques- 
tions of  dynamical  engineering,  and  the  succession  of  lectures 
delivered  before  them  has  been  such  as  has  not  been  of  use  to 
the  bridge  builder  and  constructor  of  railroads  so  much  as  to 
those  who  had  to  do  with  the  matter  in  motion,  and  in  view  of 
the  fact  that  the  so-called  Institution  of  Civil  Engineers  in  Eng- 
land is  an  association  simply  of  engineers,  it  is  rather  unfortu- 
nate that  any  adjective  is  attached  to  the  title  at  alL 

Mr.  Tomne, — We  have  with  us  Mr.  B.  W.  Pope,  the  secretary 
of  the  American  Institute  of  Electrical  Engineers,  and  we  would 
all  be  glad  to  hear  briefly  from  him  the  sentiment  on  their  part 
in  regard  to  the  matter. 

Jtir,  li,  W.  Pope. — I  have  been  secretary  of  the  Institute  of 
Electrical  Engineers  since  18*5,  and,  while  of  course  I  have  no 
authority  to  speak  as  representing  that  body  in  an  official 
sense,  I  am  well  aware  of  the  sentiment  of  a  great  many  of  our 
officers  and  members  in  regard  to  the  subject  before  you.  There 
are  some  points  in  relation  to  this  matter  which  have  not  been 
spoken  of,  and  are  not  recognized  as  they  should  be.  One  of  the 
most  important  is  the  fact  that  engineers  and  scientific  men  as  a 
body  have  not  that  influence  in  public  matters  that  they  should 
have.  I  refer  more  particularly  to  municipal  affairs.  It  appears 
to  me,  and  has  for  some  time,  that  municipal  government  to  a 


grmt  fit«Dt  sliould  be  a  matter  of  engineering  rather  than  of 
politics.  In  national  affairs,  liowever,  it  is  proper  to  consider 
political  and  economiL^  qiieHtions.  Lii  the  local  government  of 
cities,  the  condition  of  the  streets  and  water  works,  the  public 
lighting,  nnderground  work,  and  all  things  of  that  nature  are 
engineering  problems,  and  we  are  well  aware  that  when  any  of 
tieae  matters  come  up  before  the  ordinary  Common  Council  or 
Board  of  Aldermen,  composed  of  politicians,  they  do  not  grapple 
with  these  questions  as  au  engineer  would.  Sjteaking  of  engiu- 
eets  particularlj,  I  would  say  that,  althouj-h  there  are  vaiioiis 
branches  of  them,  each  branch  borders  on  the  other.  There  are 
civil  engineers  (ind  mechanical  engineers  and  electrical  engineers 
and  mining  engineers,  and  there  are  architects,  whose  work 
approximates  that  of  the  civil  engineer,  and  who  should  have 
wme  knowledge  of  electricity,  sufficient  at  least  to  enable  them 
to  specify  the  proper  material  to  be  used,  insteatl  of  simply 
insisting  on  the  use  of  lead-covered  wire,  as  is  now  frequently  the 
ciue. 

Yoa  Lave  in  your  society  about  twenty -five  of  our  membei's — 
twenty-five  electrical  engineers,who  are  also  mechanical  engineers. 
That  is  not  such  a  very  large  number,  but  it  is  well  understood 
in  electrical  engineering  that  there  can  be  no  thoroughly  first- 
class  electrical  engineer,  unless  he  is  well  grounded  in  mechani- 
eal  engineering.  He  must  understand  mechanical  engineering 
in  order  to  become  thoroughly  equipped  to  practise  his  profes- 
sion, and  it  also  behooves  mechanical  engineers  to  give  attention 
to  electrical  matters  in  connection  with  their  own  work.  The 
movement  in  question  is  one  which  appears  to  me  to  be  in 
accordance  with  the  tendency  of  the  times,  which  is  to  concen- 
trate work  of  various  descriptions.  A  complete  engineering 
library  in  New  York  should  cover  all  electrical  subjects  and  all 
mechanical  subjects,  and  what  we  consider  civil  engineering 
sabjects.  In  order  to  make  an  electrical  library,  we  should  have 
a  library  of  mechanical  .engineering.  But  it  is  a  matter  of 
twenty-five  or  thirty  thousand  dollars  to  get  even  a  good  elec- 
trical library.  I  have  the  same  files  of  technical  journals  in  my 
office  tliat  yoor  secretary  has  in  his,  and  nearly  the  same  that 
civil  engineers  have.  I  went  ao  far  in  this  matter,  at  one  time, 
as  to  suggest  to  your  secretary  the  propriety  of  organizing  in 
New  York  what  I  termed  a  society  of  societies — a  working  board 
of  officers  of  the  dilferent  engineering  societies — in  order  to 
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exchange  views  as  to  tlie  conduct  of  society  work,  and  the  intro- 
duction of  uniform  methods,  so  that  in  case  of  any  business 
coming  up,  similar  to  the  European  excursion  last  summer,  the 
different  boards  could  work  together  in  harmony ;  the  machinery 
being  already  in  existence,  it  would  be  merely  necessary  to  set  it 
in  operation.  Now,  I  think  we  would  be  wise  in  profiting  by  the 
experience  of  our  British  brethren.  As  I  undei*stand  it,  the 
Institution  of  Civil  Engineers  is  the  leading  body,  other  organi- 
zations being  the  mechanical  engineers,  the  electrical  engineers, 
etc.  The  Institution  of  Electrical  Engineers  in  England  numbers 
over  one  thousand  members.  It  has  a  greater  membership  than 
your  society  of  mechanical  engineers  here.  They  meet  in  the 
building  of  the  Civil  Engineers,  and  are  in  harmony  with  them. 
Some  of  the  best  electrical  papers  read  in  England  have  been 
read  before  the  Institution  of  Civil  Engineers.  You  will  see, 
therefore,  that  a  leading  society,  even  as  strong  as  the  British 
Institution  of  Civil  Engineers,  does  not  overwhelm  the  others. 
The  others  are  strong,  in  spite  of  there  being  a  leading  society. 
I  think,  gentlemen,  that  this  is  a  question  requiring  thorough 
examination,  and  I  feel  at  liberty  to  say  that  whatever  may  be 
the  result,  the  American  Institute  of  Electrical  Engineers  would 
be  very  glad  to  send  a  committee  to  consider  it. 

Mr.  IV.  S.  Rogers. — I  have  thought,  for  a  long  time,  that  the 
time  was  not  far  away  when  the  electrical  engineer  and  the  me- 
chanical engineer  would  be  drawn  very  closely  together,  and  I 
am  impressed  with  that  more  and  more  every  day.  If  there  is 
anything  like  a  plan  proposed  to  organize  a  new  society,  I  can 
mention  some  experiences  with  profit.  I-  received  a  letter  a 
short  time  ago  from  a  young  man,  and  incidentally  he  told  me 
that  he  did  belong  to  one  of  the  societies,  and  that  he  did  not 
like  it.  He  said  it  seemed  to  him  that  what  they  were  after  was 
his  fee,  and  what  he  was  after  was  knowledge.  He  was  not  get- 
ting it  as  he  wanted  it.  He  went  on  to  state  that  he  was  trying 
to  fit  himself  to  become  a  member  of  the  American  Society  of 
Mechanical  Engineers,  as  he  thought  there  he  would  gain  the 
counsel  and  assistance  and  knowledge  which  would  fit  him  to  do 
some  good  in  this  world.  I  can  only  hope  that  in  planning  to 
form  this  new  society  any  committee  will  go  very  slowly  and  go 
carefully,  and  let  the  American  Society  of  Mechanical  Engineers 
hold  the  leading  place  or  equal  leading  place  in  it.  At  the  same 
time,  I  don't  wish  to  be  understood  as  being  opposed  to  any 
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■  orsanio^tl  method  of  unitiii!;  tbe  varioua  Bocieties,  jirovi'led  it 
I  k![M  in  practical  knowledj^e,  and  the  American  Society  of 
I     Mfch&nical  Engineers  i»  properly  recognized. 

I  Sir.  Il'm.  Kelt/. — There  is  one  phase  of  thi»  subject  which  has 

I  ml  Wn  touched  on.     I  believe  that  the  American  Society  of 

I  C^ril  Eajrineera  are  tiying  to  enlarge  themselves  by  annexing 

■  tlie  varioaa  local  societies  in  Cleveland,  Pittsburg,  St.  Louis,  and 
V  iitiiiir  plH«!fi.  I  see  in  the  papers  that  those  societies  are  con- 
I  uderinji;  the  desirability  of  affiliating  themselves  to  the  American 
[  Society  of  Civil  Engineers  as  chapters.  These  local  eocieties 
'  are  composed  of  mechanical,  civil,  electrical,  and  all  the  other 

Itiiids  of  engineers  in  one  body.  I  understand  that  the  American 
Society  of  Civil  Engineers  propose  to  consolidate  these  varions 
societies  into  the  civil  engineers  as  their  chapters,  and  bo  become 
a^'rand  society  like  the  British  Institution  of  Civil  Engineers  ; 
bnt  I  wilt  not  raise  the  question  whethur  that  will  be  as  desir- 
able as  the  proposed  form  of  the  new  society,  which  has  been 
brwnght  ont  in  the  resolution  by  Mr.  Towne. 

I  hail  the  honor,  in  1886,  to  read  a  paper  at  the  meeting  io 
Bnffiilo  of  the  American  Association  for  the  Advancement  of 
Science,  entitled :  "  A  Proposal  for  an  American  Academy  of 
Engineering,"  and  in  which  this  whole  subject  was  treated  just 
aboat  aa  we  have  heard  here.  It  was  published  in  Van  Nostrand's 
Magaane  for  October,  1886.  It  discusses  this  question  of  an 
academy  of  engineering  composed  of  the  best  members  of  the 
three  societies — the  mining,  mechanical,  and  civil  engineers' 
societies — and  all  otherp — the  army  engineers  and  naval  engin- 
eers, the  saoitary  and  electrical  engineers.  One  of  its  objects 
was  to  promote  harmony  between  the  naval  and  army  engineers 
and  the  engineers  in  civil  life. 

Mr.  Towne. — Use  has  been  made  by  one  or  another  of  the 
speakers  of  the  terms  "  mei^ng  "  or  "  consolidation  "  or  "  union  " 
of  the  societies,  implyingthat  the  existing  organizations  would,  in 
some  way,  be  obliterated.  If  the  resolution  is  carefully  read,  it 
will  be  seen  that  nothing  of  that  kind  is  contemplated.  On  the 
contrary,  the  statementis  made  that  the  autonomy  of  the  existing 
societies  shall  be  most  carefully  preserved,  and  the  conviction 
expressed  that  it  is  possible,  while  preserving  that  autonomy, 
still  to  have  something  which  will  effect  a  union  of  members  of 
the  T&rioQB  societies,  and  something  which  will  be  more  thor- 
onghly  national  than  anything  we  have  at  the  present  time. 
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But  the  scope  of  the  whole  motion  is  simply  that  a  committee  ^ 
be  appointed,  that  the  other  societies  be  invited  to  confer  with.^ 
that  committee,  and  that  the  committee  report  at  a  later  meetings 
to  the  society  whether  it  deems  any  action  desirable,  and  if  sOyve 
of  what  kind,  so  that  the  matter  may  then  come  before  the  soci — - 
ety  in  form  for  clear  understanding  and  discussion. 

The  resolution  was  carried.  The  Committee  was  subsequently^ 
appointed  to  consist  of  Messrs.  Towne,  Thurston,  and  Sellers. 

At  the  close  of  the  business  session  of  the  first  morning,  the^ 
professional  papers  were  taken  up  and  were  read  in  abstract,^ 
where  full  presentation  would  have  required  more  time  than  the  ^ 
five-minute  limit  allowed  in  cases  where  the  papers  had  been  i 
printed  and  distributed  in  advance. 

The  paper  by  Prof.  V.  Dwelshauvers-Dery,  of  Liege,  Belgium, 
honorary  member  of  the  Society,  on  the  "  Properties  of  the  Vapor 
of  Water,"  was  presented  by  Prof.  K.  H.  Thurston  and  discussed 
by  Messrs.  Spangler  and  Denton ;  that  by  Prof.  Horace  B.  Gale, 
on  "  Theory  and  Design  of  Chimneys,"  was  discussed  by  Messrs. 
Babcock,  Denton,  Kent,  and  Peabody;  that  by  Prof.  B.  H. 
Thurston,  on  the  "Philosophy  of  Multiple  Cylinder  or  Com- 
pound Engines,"  was  discussed  by  Messrs.  Denton,  Ball,  and 
Wheeler. 

After  these  papers,  the  Secretary  made  some  announcement  as 
to  the  excursions  of  the  week,  presented  the  invitation  from  the 
Electric  Club  of  New  York  to  have  the  members  use  the  rooms 
of  that  club  during  their  stay,  and  also  one  from  Mr.  C.  J.  Field, 
of  the  Society,  to  have  a  party  visit  the  plant  of  the  Edison 
Company,  in  Brooklyn.     A  recess  was  taken  till  the  afternoon. 


The  second  session  for  papers  was  convened  at  half-past  two 
o'clock  in  the  same  place.  Prof.  C.  H.  Peabody  read  his  two 
papers  together,  on  "  Flow  of  Steam  Through  Orifices,"  and  "  An 
Experimental  Study  of  Different  Types  of  Calorimeters,"  and 
they  were  discussed  by  Messrs.  Babcock,  Faber  du  Fauer, 
Spangler,  Denton,  and  McBride ;  that  by  Mr.  L.  S.  Randolph,  on 
"  Cost  of  Lubricating  Car  Journals,"  was  discussed  by  Messrs. 
Denton,  Woodbury,  Almond,  Partridge,  Rogers,  and  Dick ;  that 
by  Mr.  E.  F.  C.  Davis,  on  "  Steam  Pipes  for  Collieries,"  by 
Messrs.  Nason,  Allison,  Sweet,  Smith,  Minot,  Faber  du  Fauer, 
Woolson,  and  McBride  ;  that  by  D.  K.  Nicholson  on  "  Rolling 
Steel  Rails,"  by  Messrs.  Hunt  and  Gannt;  that  by  Mr.  C.  J.  H. 
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Toodbary,  on  "  Mettods  of  Reducing  the  Fire  Loss,"  by  Meaera. 
Grmnell,  Refers,  McBridc,  Sweet,  Towne,  Laforge,  Campbell, 
and  Gobeille.  Alter  anaouncements,  the  meeting  adjourned  till 
Thorsda;  moming. 

THmD  Day,  Thuksdat,  Novemdek  21st. 
The  tliid  session  for  papers  was  called  to  order  at  No.  13 
West  Thirty-first  Street,  at  tea  o'clock  in  the  morning. 

The  report  of  the  tellers  to  count  the  ballot  for  officers  tor  the 
Bosningyear,  was  as  follows  : 
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Tho  papers  of  the  session  were :  by  Mr,  F.  W.  Parsons, 
"Indicator  Rising  for  Compoand  Engines,"  discussed  by 
Messrs.  Spangler,  Sellers,  and  Smith ;  by  Mr.  C.  T.  Main,  on 
"Comparative  Cost  of  Steam  and  Water  Power,"  discussed  by 
Hr.  S.  Webber ;  by  Prol  D.  S,  Jacobas,  on  '■  General  Solution  of 
the  Transmission  of  Force  in  a  Steam  Engine,"  discussed  bj 
Messrs.  Denton,  Oberlin  Smith,  Bond,  and  Scott  A.  Smith ;  by 
Mr.  S.  J.  MacFarren,  on  "Street  Railway  Car  Gear  for  Modem 
Speeds,"  discussed  by  Mr.  Rogers. 

After  these  papers  and  business,  the  recess  was  ordered  till  the 
afternoon. 

The  fourth  and  concluding  session  for  papers  was  called  to 
order  at  half-past  two  in  the  same  place. 

The  papers  were  those  by  Professor  Webb,  on  "  The  Compari- 
son of  Indicators,"  discussed  by  Messrs.  Spangler,  Suplee,  and 
Tborston ;  by  Mr.  HoUoway,  on  "  How  to  Use  Steam  Expan- 
siyely  in  Direct-acting  Pumps,"  discussed  by  Messrs.  Suplee. 
Webb,  Denton,  Thurston,  Emery,  and  Hague ;  by  Prof.  W.  H. 
Bristol,  on  "  A  New  Recording  Pressure  Gauge,"  illustrated  by 
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apparatus,  and  discussed  by  Messrs.  Hague,  Edsou,  and  Wolff; 
by  Mr.  Oberlin  Smith,  on  "  Graphical  Analysis  of  Beciprocating 
Motions,"  discussed  by  Messrs.  Emery,  Bond,  Jesse  M.  Smith, 
Leavitt,  Spangler,  and  Suplee ;  and  the  two  papers  of  Prof.  J.  E. 
Denton.  The  one  on  "  Indicator  Cards  of  the  Pawtucket 
Engine,"  was  discussed  by  Messrs.  Emery,  Hague,  Oberlin  Smith, 
Wolff,  Henthorn,  Webb,  Thurston,  Wood,  and  Kafer ;  and  the 
other,  on  the  "  Performance  of  a  Double  Screw  Ferry-Boat,"  was 
illustrated  by  lantern-slides,  and  was  preceded  by  an  introduc- 
tion by  Col.  E.  A.  Stevens,  as  associate-author.  This  paper  was 
to  have  been  read  on  the  boat  whose  performance  it  recorded, 
but  on  account  of  an  accident  to  the  boat  it  was  put  at  the  close 
of  this  day's  session.  It  was  discussed  by  Messrs.  Wood,  Taylor, 
Emery,  Kent,  Hague,  HoUoway,  Webb,  and  Hyde.  It  had  be- 
come so  late  before  the  beginning  of  this  paper,  not  originally 
allotted  to  this  session,  that  before  its  presentation  the  president 
called  for  certain  matters  of  business  of  whose  presentation  he 
had  been  advised.  The  following  series  of  resolutions  were  then 
presented,  seconded,  and  carried  with  acclaim  : 

To  the  Local  Committee : 

Kealizing  that  the  success  of  this  meeting  is  largely  due  to  the  efficient  ser- 
vices of  the  local  committee,  whose  untiring  efforts  have  caused  so  much  pleas- 
ure to  those  members  of  the  Society  who  have  been  so  fortunate  as  to  be  in 
attendance;  therefore  be  it 

Resolved  :  That  we  tender  our  heartfelt  thanks  and  appreciation  to  the  mem- 
bers  of  the  local  committee,  and  especially  to  Mr.  James  F.  Lewis,  whose  skill 
as  a  navigator  brought  us  safely  through  Hell-Gate,  after  having  given  us  a 
glimpse  of  the  lurid  fires  beyond, — at  Whitestone. 

To  the  Patronesses  of  the  '*  Ilouse-itarming  ** : 

The  visiting  members  and  guests  of  the  American  Society  of  Mechanical 
Engineers  feel  that  the  brilliant  success  of  the  *'  house-warming"  reception,  at 
the  new  rooms  of  the  Society,  was  due  to  their  presence  and  refining  influence. 

We  desire  to  express  our  appreciation  of  the  results  of  their  taste  in  the 
artistic  arrangements  of  the  rooms,  and  trust  that  future  meetings  will  be  graced 
by  the  presence  of  tlie  ladies  in  yet  increasing  numbers. 

To  the  Engineers*  Club  : 

The  American  Society  of  Mechanical  Engineers  hereby  expresses  to  the 
Engineers*  Club  its  appreciation  of  the  courtesies  on  the  occasion  of  its  twentieth 
meeting  ;  to  the  board  of  managers,  for  the  reception  at  the  club-house  ;  and 
*o  the  house  committee,  for  the  extension  of  the  privileges  of  the  club. 

We  avail  ourselves  of  this  opportunity  to  extend  fraternal  greetings  to  the 
Engineers'  Club,  with  best  wishes  for  its  continued  prosperity. 

To  Henri/  Morton,  Ph.D.  : 

It  is  always  pleasant   to  acknowledge  courtesies  extended  by  others,  and 
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AtMj  u  vlien  tlie  host  is  so  lionnrcd  nod  dLBliiig^ir^liwl  a  mt^mbf  r  of  our  orgsn- 
iallot  M ia  tba  pretddent  nl  the  tJtorKiiB  inscitiiEe  of  Techiiotugy. 

UfinMiu  tlie greatest  pleuure  to  Bcknuwledge,  at  tlil<i  liiue.  lUi:  boapitnlUj 
<f  Dr.  Monim,  iu  eDteriaining  the  memlwrfl  uE  tlie  Socieij'  and  their  (nends  on 
lh*«i«i)reloD  in  NeiT  York  Ray,  and  tliia  will  be  oddcd  to  tlie  rciiiFmbraiice  of 
pitrioai lK)9[>itBl)t7  received  Bt  hla  hands. 

To  Oil  B-Kini  0/  Maaageri  of  tht  AmiHcan  Inttitvle.  Fair : 

TliF  Anaticsii  Society  of  MethBQicHl  Engiueete  wisb  to  Ihaok  jou  siuceTrlf 
for  (be  lenotoui  inTJtatiuo  tiieuded  To  ilB  membera  ta  vif  it  the  fair  of  tlie  Inati- 
iitt,  iml  Hlloesa  oue  of  those  exhibitions,  nliivli  liare  go  long'  fostered  the 
giMliuiJc  irt«, 

T»Cii.E.  A.  StcttM,  Pnndtnt,  and  C.  W.Wof^ty.  SuptrinUndent  of  the  Bobokm 
fiTff  Companj/, 
FarlbsLr  courteous  tat1iatioi>  to  mBke  an  eicursion  on  thw  Devr  diiuhli^-HcrBW 
rtrrf-boBt  Btrgfn.  the  AmFtieab  Souetjr  of  HechsuIcBl  EngiDeera  dualre  to  ox- 
pnuibetr  thnnha, 

Tt  Uevl.-Col.  Wm.  It.  King.  U.S.A.,  and  Ctffieere  oflhe  U.  S.  ftAooi  of  Enginttrt 
and  KiptrimfHlal  &talioR  at  Willett'»  Point: 
Tb<  DieiDbi^ca  of  tlie  AuericeJi  Society  of  Slschanlcal  Eu^oeers  defire  to 
Biila  Mknowleiignient  ot  jour  aUenrious  in  eitendint  to  our  Bocieij  au  oppor- 
tagiijof  eiomiiilD^  the  Museum  ood  the  Rppuiatua  for  the  applicution  of  Ecienoe 
lolhe  art  of  defenee. 

As  mninbera  of  a  Booii'tv  ot  civilians  we  wish  I0  eii)reaa  our  profound  ffrati- 
lode  lor  those  arruigemenis  which  caared  the  eiploeioD  of  dynamite  to  be  made 
U  safe  distances  from  our  honorable  bodies. 

To  W.  F.  PinkAam,  Eiq.,  and  tht  Central  Forge  Work* : 

The  American  Bodeiy  jof  Mechanical  Engineers  extends  its  thanks  for  the 
opportunities  girett  to  itn  members  of  witnessing  the  operation!)  carried  on  at 
joar  eeUblisbment. 

To  the  Prteidtnt  and  Direetort  of  the  Singer  Manufatturing  Company/  ; 

Among  the  varions  incideniB  conceded  with  the  meetlngB  of  our  Society,  the 
visiiB  to  minufacturlng  estabtjahmenls  are  always  instructive  and  entertaining, 
sod  we  cannot  too  fnliy  eiprers  our  appreciation  ot  the  courtesy  which  makes 
sach  visile  possible. 

We  desire  to  extend  to  yon  oar  falleet  thanks  for  the  privileges  afforded  us  to 
examine  yotir  great  establishment,  end  to  convey  our  aokoowledgment  of  the 
value  of  the  opportunity  thus  aSoided  as. 

To  the  Eltetrie  Club: 

The  Amviican  Society  of  Mechanical  Engineers  desire  to  express  their  sincere 
thanks  to  the  Board  of  Hnnagere  of  ibe  Electric  Club  for  their  hoapilality  in 
extending  the  courtesies  of  the  Electric  Gub,  daring  the  twentieth  meeting  of 
this  Society. 

It  Is  a  matter  of  congiatulation  that  those  who  have  scientific,  mechanical,  and 
commercial  Interests  in  appllcatloQa  of  electricity,  are  provided  with  such  an 
eaiiucntly  useful  organiaation  aa  the  Electric  Club. 
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To  Dr.  HerheH  O.  Torrey  : 

The  American  Society  of  Mechanical  Engineers  desires  to  acknowledge  with 
thanks,  the  invitation  of  Dr.  Herbert  G.  Torrey,  Director,  to  visit  the  United 
States  Assay  Office,  daring  the  twentieth  meeting  of  the  Society. 

To  C.  A.  Gfiscom  Esq.,  President  of  the  laman  and  International  Steamship 
Company : 
Tlie  American  Society  of  Mechanical  Engineers  desire  to  give  most  sincere 
thanks  for  the  invitation  to  visit  the  steamship  City  of  Paris,  and  for  the  hos- 
pitality gracing  the  occasion,  wliich  also  affords  to  many  of  onr  members  an 
opportunity  to  revisit  tliis  queen  of  the  Atlantic  fleet,  of  which  they  have  sach 
enjoyable  recollections. 

At  the  close  of  these  resolutions,  tlie  following  was  presented 
and  adopted : 

Resolved,  That  this  Society  approve  of  the  holding  in  this  country,  in  1S92,  of  a 
World's  Fair  commemorative  of  the  four  hundredth  anniversary  of  the  discovery 
of  the  country  by  Columbus. 

After  this  resolution  had  been  put,  the  Chair  spoke  as  fol- 
lows : 

Tlie  President, — With  this  session  terminates  the  twentieth 
meeting  of  this  Society,  and  it  marks  the  close,  also,  of  the  most 
successful  year  of  its  existence.  One  or  two  words  I  would  like 
to  add  as  to  our  future  development,  and  especially  in  regard  to 
the  preparation  of  papers  for  our  meetings.  It  is  urged  again, 
on  behalf  of  the  Council,  that  a  larger  proportion  of  our  mem- 
bers  should  participate  in  the  preparation  of  papers  to  be  read 
at  our  meetings,  and  especially  that  these  papers  should 
embody  the  results  of  personal  practice  or  experiment.  We 
wish  to  strengthen  that  side  of  our  transactions  which  relates 
to  the  accumulation  of  actual  experience  in  practice,  or  the 
results  of  actual  experimental  investigations,  to  supplement  the 
other  side,  which  relates  to  the  theory  of  our  profession.  It  is 
also  well,  I  think,  to  call  attention  to  the  great  value  in  such 
papers  of  having,  at  their  close,  a  brief  summary  giving  their 
results  in  a  condensed  form.  One  or  two  of  the  papers  pre- 
sented at  this  meeting  have  had  an  appendix  of  this  kind,  and  I 
think  you  will  agree  with  me  that  such  a  summary  adds  greatly 
to  the  value  of  any  scientific  paper,  especially  for  future 
reference. 

It  should  not  be  forgotten  that  three  years  ago  the  Society 
decided  that  its  sessions  should  be  open  for  the  reception  and 
discussion  of  papers  relating  to  economic  subjects,  as  well  as 
those  relating  directly  to  engineering,  and  that  such  papers  of 
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that  kind  as  have  been  preaented  heretofore  have  proved  inter- 
eating  and  valuable.  It  is  to  be  hoped  that  others  of  the  same 
character  will  be  pi'eaented  hereafter- 
It  is  desirable,  also,  that  there  should  be  a  more  general  par- 
ticipation in  the  diacussion  of  papers,  and  that  a  larger  number 
of  the  members  present  at  each  meeting  should  take  part  in  the 
oral  discussions  of  the  papers  submitted  by  members.  In  that 
connection  I  will  refer  to  the  device  which  has  caused  some 
amasement  at  this  meeting,  the  alarm  bell  of  the  Secretary,  and 
will  recommend  that  it  should  be  continued  at  our  future  meet- 
ings simply  as  an  automatic  reminder  of  the  lapse  of  time.  All 
of  us,  when  we  get  on  our  feet,  are  apt  to  lose  consciousness  of 
the  passing  of  time,  and  in  that  way  it  becomes  very  difficult 
for  the  presiding  officer  to  hold  the  members  to  the  rules 
adopted,  the  wisdom  of  which  rules  has  now  been  proved  by 
three  years  of  use  at  sis  successive  meetings.  It  has  been 
demonstrated  beyond  question  that  a  close  adherence  to  those 
roles  means  not  only  fair  play,  by  giving  the  authors  of 
papers  coming  late  on  the  docket,  and  those  who  wish  to  dis- 
cuss such  papers,  opportunity  to  do  so,  but  also  tends  to  make 
tLo  uhoJe  of  our  sessions  more  interesting  uud  raliuible. 

Finally,  I  wish  to  thank  the  members  of  the  Society  for  the 
cordial  snpport  they  have  given  me  during  the  past  year,  to 
assure  them  of  my  warm  appreciation  of  it,  and  to  express  the 
hope  that  my  friend  and  successor,  Mr.  Smith,  may  have  a  contina- 
BQce  of  the  same  kindness  at  their  hands.  I  will  now  announce 
that,  after  the  reading  and  presentation  of  views  relating  to  the 
following  paper,  the  twentieth  session  of  the  Society  will  close. 
The  snggestion  has  been  made  that  a  committee  of  three  be 
tppointed  to  call  on  his  Honor,  Mayor  Grant,  to  inform  him  of 
the  action  that  has  been  taken  here. 

Mr.  Oberlin  Smith. — I  will  make  a  motion  that  a  committee  of 
three  be  appointed  to  wait  on  the  Mayor  of  New  York,  and  pre- 
sent to  him  the  resolution  just  passed  regarding  the  interna- 
tional exhibition. 
The  motion  was  seconded. 

ifr.  Eagve, — It  occurs  to  me  that  we  have  several  Western 
members,  and  it  m^ht  be  well  to  present  the  resolution  to  the 
Uayor  of  Chicago  as  welL 

The  Premdeni. — ^I  presume  it  is  the  wish  of  those  who  have 
uiggesied  the  matter  ihat  the  interest  of  our  society  in  this 
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project  should  be  communicated  to  all  who  are  endeaToring 
bring  about  the  holding  of  an  international  exhibition. 

Mr,   OJ)erlin  Smith. — I  accept  the  amendment  for  St  Lo 
Chicago,  Washington,  and  the  centre  of  population. 

The  President — The  question  is  now  upon  the  appointment 
a  committee  at  this  end  of  the  line. 

The  motion  was  carried,  and  the   Society  adjourned  at  thi^ 
close  of  the  final  paper. 

Excursion  Days. 

The  week  of  the  Convention  was  mostly  rainy,  but  on  the  two 
days  devoted  to  excursions  the  sun  shone  brilliantly. 

Wednesday,  November  20th,  was  devoted  to  a  trip  on 
the  East  River,  of  New  York,  to  Willett's  Point,  on  Long 
Island.  There  the  Society  were  the  guests  of  Lieut  Col.  W.  R 
King,  U.  S.  A.,  who  is  at  the  head  of  the  post  and  in  charge  of 
the  govenimental  training  and  experiments  on  harbor  defense. 
The  party  was  escorted  over  the  laboratory  and  museum  build- 
ings and  to  the  gun  which  is  wound  with  electric  cable  to  make 
it  into  an  immense  electro-magnet.  Luncheon  was  served  on 
the  boat,  and  after  it  was  over,  three  torpedoes  were  fired  under 
water  near  the  wharf,  that  the  enormous  effect  of  such  explo- 
sions might  be  witnessed.  On  the  return,  a  stop  was  made  at 
the  works  of  the  Central  Forge  Works,  at  Whitestone,  where 
the  members  were  guests  of  Mr.  C.  F.  Pinkham.  On  Wednes- 
day evening,  by  the  invitation  of  the  Board  of  Managers  of  the 
Engineers'  Club  of  New  York,  a  reception  was  tendered  to  the 
Society  at  their  club-house,  at  No.  10  West  29th  Street  Dur- 
ing the  evening  a  handsome  collation  was  served. 

On  Friday  it  had  been  planned  that  the  screw  ferrj'-boat  Ber- 
gen of  the  Hoboken  Ferry  Co.  should  convey  the  party  for  a 
trip  on  the  Hudson  Elver,  which  would  also  give  the  members 
a  chance  to  inspect  the  working  of  the  boat.  The  failure  of 
one  of  the  boiler-furnaces,  however,  made  this  entertainment 
impossible,  and  instead  of  it,  the  Society  accepted  the  invita- 
tion of  the  Singer  Manufacturing  Co.  to  visit  their  sewing  ma- 
chine manufactory,  and  the  plant  of  the  Babcock  &  Wilcox  Co.^ 
building  boilers,  at  Elizabethport,  N.  J.  The  same  steamer 
{Laura  AL  Siarin)  conveyed  the  party  to  the  Company's  wharf, 
and  after  luncheon  on  the  boat  tendered  to  the  party  by  Dr. 
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L  Henrr  Morton,  President  of  the  Stevens  Institnte  of  Teclinol- 
I  op,  the  nsit  to  both  aeries  of  shops  was  made. 

Oq  Thuraday  evening,  the  gnests  ami  memliers  Tisited  in  con- 
l«ienible  nnmbera  the  Fair  of  tho  American  Institute,  to  which 
I  (omplimeutary  tickets  had  been  supplied  by  the  courtesy  of  its 

■  Board  of  Managers. 

Ou  SutunUy  morning  the  Inman  and  luternational  Steamship 

■  Compttiiy  gave  the  Society  the  entree  to  its  fastest  vesseV,  the 
mGtytf  Piirix.  Opportunity  was  given  to  see  its  bixuiious  pas- 
I'KDger  ap[iointments,  and  to  visit  its  engine-room  with  great 
I  fluroagliDeBa.  A  complimentary  luncheon  was  served  in  the 
latlooo,  with  toasts  and  speeobea  at  its  cloae. 
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a'CLViii. 
PRESIDENrS  ADDRESS,  1889. 

By  Henry  R.  Towne,  Stajiford,  Conn. 

(Prepident  1888-8!*.) 

[Revised  from  Stenograph ic  R<»port.] 

In  opeoing  the  twentieth  meeting  of  the  Society,  and  the 
which  marks  the  completion  of  the  tenth  year  of  its  existeno^i 
it  is  fitting  that  the  first  words  of  the  presiding  officer  should  b>« 
those  of  congratulation  upon  the  prosperity  and  welfare  whic^i 
have  marked  the  development  of  the  Society  during  the  past 
year.     It  is  surely  a  source  of  sincere  satisfaction  to  all  of  ns 
that  the  Society  has  grown  during  the  last  year  so  well  and  so 
strongly,  not  merely  in  numbers,  but  in  other  senses,  and  in 
some  directions  which  even  more  closely  concern  its  usefulness 
and  ultimate  strength.     There  is,  fortunately,  no  law  which  re- 
stricts the  president  in  his  choice  of  the  subject  to  be  discussed 
in  his  annual  address,  and  availing  of  that  fact,  I  propose  to 
touch  upon  three  topics  of  present  interest,  relating  to  matters 
which  have  occurred  during  the  past  year,  or  which  are  active 
in  the  minds  of  most  of  us  at  the  present  time.     They  will  be, 
first,  the  joint  excursion  of  American  Engineers  to  Europe  last 
summer ;  second,  the  contemplated  International  Exhibition  in 
1892  ;  and  third,  a  brief  resume  of  the  affairs  of  the  Society. 

THE  JOINT  EUROPEAN  EXCURSION. 

During  the  past  year  there  has  taken  place  an  occurrence  un- 
precedented in  the  annals  of  American  engineering  societies  A 
party,  consisting  of  three  liundred  and  sixty,  including  their 
guests,  went  abroad  as  guests  in  the  first  instance  of  the  Insti- 
tution of  Ci^dl  Engineers  of  Great  Britain,  and  subsequently  as 
guests  of  similar  organizations  in  France  and  in  Germany.  It 
happened  that  the  inception  of  the  excursion  came  from  the 
Institution  of  Mechanical  Engineers  of  Great  Britain  and  was 
extended  to  this  society  as  being  its  nearest  sister  on  this  side 
of   the  ocean.     But  as  soon  as  the  matter  became  noised  in 
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■  Enptand,  the  Institution  of  Civil  Engineera,  wMcli  is  there  the 
^L  |iarent  aociety  of  all  of  their  engineering  associations,  immedi- 
^h  Italy  clHiiued  the  right  and  privilege  of  becoming  the  hoEtts  of 
^H:tt«  ORC&sinn,  and  of  extending  the  invitations  to  each  of  the 
^Vfkee  or  fotir  engineering  societies  on  this  side.  It  followed 
^V  ftoa  this  that  the  formal  invitation  came  directly  to  each  of  oar 
H  AmericBn  societies  from  the  Institution  of  Civil  Engineers.  The 
H    most  active  part  in  promoting  the  project  on  this  side  was  boine 

■  h  tiiis  Society,  but  the  other  societies  soon  recognized  the  im- 

■  imrtanca  of  the  matter,  and  all  worked  hannoniously  together 

■  friptlie  common  result.  It  is  to  be  hoped  that  the  temporary 
I  union,  which  thas  arose,  may  be  the  precursor  of  another, 
I  lir^r,  and  more  permanent  union  among  oar  Amencan  engin- 
I  eering  societies. 

I  Tlie  start  was  made  on  the  2oth  oE  May  on  the  steamer  Cily 
I  if  RirAiiumil,  carrying  one  hundred  and  seventy  members  of  the 
|F  party,  consisting  almost  wholly  of  members  of  this  society  and 
o[  the  American  Institute  of  Mining  Engineers.  That  vessel 
iiai!  Ijwn  chartered  by  our  party  expressly  for  the  occasion  and 
cBrrieil  no  other  saloon  passengers.  The  response  to  the  invi- 
tatioti  was  so  large,  however,  that  the  overflow,  beyond  what  that 
slffttDcr  could  accommodate,  necpssitatpd  other  niTangements, 
and  so  another  party  of  one  hundred  and  five  followed  on  the 
ateamer  C^y  of  New  York  on  the  the  29th  of  May.  There  were 
still  others  who  came  in  scattering  groups,  and  some  were 
alieiuly  on  the  other  side. 

The  voyage  of  the  City  of  IHchmond  is  a  memory  which  all  of 
na,who  had  the  privilege  of  taking  part  in  it  will  ever  recall 
with  the  greatest  pleasure.  It  was  harmonious  from  beginning 
to  end.  A  committee  was  oi^anized  on  the  second  day  after 
saihng,  and  had  sessions  every  day  of  the  voyage — indeed  long 
sessions,  because  there  was  much  work  to  be  done  in  prepara- 
tion for  the  affairs  to  be  carried  out  on  the  other  side,  more 
than  any  of  ns  had  realized.  The  members  of  the  party,  both 
ladies  and  gentlemen,  soon  became  well  acquainted,  and  the  voy- 
t^  came  to  resemble  a  large  yachting  party  rather  than  an  or- 
dinary trip  across  the  Atlantic 

We  reached  Liverpool  on  Tuesday,  June  4th,  and  before  we 
had  set  foot  on  English  soil  received  a  foret^te  of  English  hos- 
pitality. There  came  out  to  meet  us  in  the  Mersey  a  teuder 
carrying  a  committee  of  the  local  reception  committee  at  Liver- 
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pool,  headed  by  Mr.  Alfred  Holt,  their  chairman  (himself  reputed 
to  be  the  largest  individual  ship-owner  in  the  world),  Mr.  Dag- 
lish,  Mr.  West,  and  a  number  of  other  gentlemen.  They  boarded 
our  ship  and  greeted  us  with  words  of  hearty  welcome,  took 
charge  of  us  during  the  landing,  facilitating  our  passage  of  the 
Customs  authorities,  and  from  that  time  until  we  left  Liverpool 
were  ceaseless  in  their  endeavors  for  our  comfort  and  enjoy- 
ment. 

The  City  of  New  Yorlc  arrived  two  days  later,  in  the  early 
morning,  and  with  that  day  began  the  regular  excursions  which 
had  been  planned  for  our  entertainment.  Our  hosts  in  England 
were  the  Institution  of  Civil  Engineers.  The  individual  mem- 
bers taking  part  in  the  entertainment,  most  of  whom  came  ex- 
pressly to  Liverpool  to  greet  us,  were  the  president.  Sir  John 
Coode,  Sir  Frederick  Bramwell,  Sir  Lothian  Bell,  Sir  James 
AUport,  Mr.  Adamson,  Sir  Henry  Bessemer,  Sir  Gteo.  Bruce,  Mr. 
Cowper,  and  many  others  which  I  will  not  take  time  to  name ; 
but  among  them  all  no  name  made  itself  more  familiar  to  us,  or 
will  ever  be  more  warmly  remembered,  than  that  of  the  secre- 
tary, Mr.  James  Forrest. 

It  became  necessary  for  the  party,  comprising,  as  it  did,  mem- 
bers of  this  Society,  of  the  civil  engineers,  and  of  the  mining  en- 
gineers, together  w  ith  a  few  members  of  the  electrical  engineers, 
to  create  some  kind  of  an  organization  which  should  represent  the 
united  party  during  its  travels  in  Europe.  A  joint  committee  was 
appointed  to  accomplish  this  purpose,  and  the  result  of  their 
labors  was  the  selection  and  recommendation  of  the  following 
list  of  officers,  who  w^ere  unanimously  elected  by  the  joint  party : 
Mr.  Whittemore  as  honorary  chairman,  Mr.  Henry  R.  Towne 
as  chairman ;  and  as  officers  or  associates :  Mr.  Chanute,  Mr. 
Woodbury,  "Mr.  Clarke,  Professor  Hutton,  Mr.  Wiley,  Mr. 
Dempster,  Mr.  Kent,  Mr.  Archbald,  Mr.  Baldwin,  Mr.  Fisher, 
Mr.  Haw^kins,  Doctor  Torrey,  Mr.  Bond,  Mr.  Forsyth,  Mr.  Ober- 
lin  Smith,  and  Mr.  D'Invilliers.  The  treasurer  was  Mr.  Hunt ; 
the  honorary  secretary,  Mr.  Emery ;  the  secretary,  Mr.  Kirch- 
hoflf.  It  is  an  evidence  of  the  cleverness  wath  which  the  nomin- 
ating committee  did  its  work,  that  out  of  the  twenty-one  names 
above,  there  are  thirteen  who  are  members  of  the  Society  of 
Ci\dl  Engineers,  thirteen  who  are  members  of  the  Society  of 
Mechanical  Engineers,  and  nine  who  are  members  of  the  Insti- 
tute of  Mining  Engineers.  The  joint  committee  proved  acceptable, 


fnd  oocomplielied  its  work  satisfactorily,  altlioiigh  the  work 
^t«Te<l  to  be  much  larger  than  would  have  beeu  appreciated 
Vforehaiul,  auil  deraantleJ  a  great  deal  of  time  and  care. 

Our  first  full  experience  of  English  hospitality  came  at 
Iiiveqjool  in  the  form  of  a  dinner  given  by  Sir  John  Coode  at 
Liverpool,  the  evening  after  the  City  of  New  Ymk  arrived,  to  a 
lew  nf  the  officers  of  the  joint  party,  followed  during  the  evening 
hj  &  inneersazione  at  the  Town  Hall,  given  by  the  Mayor,  Mr. 
Cootson,  and  attended  by  the  whole  of  our  party  and  a  great 
BBinber  of  ladies  and  gentlemeii  from  Liverpool — a  moat  bril- 
liant assemblage.  • 

The  next  morning  we  divided  into  two  parties,  one  going  to 
the  Mersey  Docks  under  the  guidance  of  officers  of  the  Dock 
Estale,  who  have  charge  of  the  most  vast  and  expensive  system 
uf  (it)ck  construction  in  the  world,  the  extent  of  which  is  simply 
marri'lijiis,  Jind  to  ua,  in  America,  utterly  unknown.  The  tides 
b  Liverpool,  and  indeed  all  around  the  English  coasts,  average 
BHiirly  thirty  feet  in  height,  entirely  precluding  the  use  of  a 
nbart  system  such  as  we  have  here,  and  necessitating  the  put- 
ting of  all  vessels  into  docks  closed  by  gates  which  are  only 
ojiened  for  about  an  hour  at  high  water. 

The  other  party  went  through  the  Mersey  Tunnel,  a  great 
work  connecting  Liverpool  with  Birkenhead,  which  has  beeu 
recently  completed  under  th^  guidance  of  Mr.  Bowlandson,  the 
engmeer,  and  then  to  the  Laird  ship-yards,  where  five  hundred 
and  seventy-six  vessels  have  been  built  within  the  last  thirty 
years.  They  were  eutertoiued  at  a  magnificent  luncheon  served 
inft  tent  on  Mr.  Laird's  grounds,  and  then  visited  oue  of  the  great 
steamers  for  the  Hambui^  line  then  being  built, — a  sister  ship 
of  the  Augtista  Firforia,— and  finally  were  brought  back  to  Liver- 
pool, arriving  at  the  great  landing  stage  which  is  used  for  ten- 
ders and  ferry-boats  to  deliver  their  passengers  upon,  said  to  be 
the  greatest  floating  structure  in  the  world,  and  having  a  total 
length  of  two  thousand  and  sixty-three  feet. 

The  next  day  the  party  divided  again ;  one  section  going  to 
Crewe,  the  location  of  the  great  constructive  works  of  the 
London  and  Northwestern  system,  corresponding  to  Altoona  on 
the  Pennsylvania  system,  where  they  make  steel  rails,  build 
bcomotives,  and  conduct  most  of  the  mechanical  operations  of 
the  line.  The  extent  of  those  works  is  probably  familiar  to  all 
of  you,  bnt  it  is  interesting  to  note  that  the  capital  of  that  great 
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corporation  is  $528,000,000,  with  an  annual  revenue  of  $51,000,00d 
and  with  60,000  employees.     It  is  also  interesting  to  note  tha^H 

even  in  that  snug  little  island,  one  railway  system  can  contn : 

and  operate  2,500  miles  of  line.      The  Crewe  works  cover  11 
acres  of  land,  of  which  36  are  under  roof. 

The  other  section  of  the  party  on  that  day  went  to  Horwicfe:^ 
on    the   line  of  the   Lancashire    and  Yorkshire   Bailway,  ait-  -^ 
inspected  a  similar  plant  there,  but  one  even  more  interestii*--^ 
than   that   at   Crewe,  in   this  respect, — that  while  Crewe  htm^ 
grown  up  almost  from  the  commencement  of  railway  operatioi»-^ 
in  England,  and  is  to  some  extent  a  patchwork,  although  a  vai^  ^ 
and  most  highly  organized  one,  the  new  plant  of  the  Lancashire 
and  Yorkshire  Railway,  at  Horwicli,  is  entirely  new,  has  been 
built  within  the  last  three  years,  was  laid  out  and  organized  by 
commencing  with  a  clean  sheet  of  paper  and  an  unbroken  piece 
of  ground  admirably  chosen,  and  has  a  series  of  vast  buildings 
designed  harmoniously,  with  reference  to  their  intended  uses, 
and  in  the  light  of  the   best   and  latest   modem   experience, 
including   that   of  Crewe.      The  mechanical   engineer  of  that 
system,  Mr.  Aspinall,  who  has  charge  of  the  Horwich  works, 
although  a  younger  man  than  Mr.  Webb,  the  presiding  genius 
at  Crewe,  is  his  equal,  apparently,  in   talent   and   organizing 
capacity,  and  working  as  he  does  with  this  newer  and  more 
modern  plant,  is  making  a  record  which  certainly  will  be  a  good 
second   to  that  of  Crewe.      In  the  manufacturing  department, 
where  they  make  the   smaller  products,  such  for  example  as 
their  switch  and  signal  apparatus,  Mr.  Aspinall  has  introduced 
a  great  deal  of  American  machinery  and  American  methods  of 
manufacture,  and  it  seemed  to  me  that  the  place  compared  favor- 
ably with  any  private  establishment  I  have  ever  visited.     These 
works  cover  So  acres  of  ground  of  which  13  J  are  under  root 

In  the  evening  of  that  day  the  two  parties  united  at  Man- 
chester, where  a  raception  and  banquet  were  tendered  us  at  the 
Town  Hall,  presided  over  by  the  Mayor  of  Manchester,  and 
attended  by  a  great  many  of  the  prominent  citizens.  It  was  a 
delightful  occasion,  and  even  more  elaborate  than  the  reception 
at  Liverpool. 

I  he  next  day  the  party  visited  the  great  ship  canal  which  is 
being  constructed  between  Manchester  and  Liverpool,  35  miles 
in  length,  the  contract  price  for  which  is  $28,000,000,  where 
15,000  men  are  employed,  which  is  to  pass  the  largest  ocean 
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steamer,  aud  whicli,  althougli  it  has  been  only  a  short  time 
uiJui  ouiistnictiou,  is  to  be  completed  iu  January,  1692,  aud 
enilentlr  k^U  be. 

The  next  week,  bein;*  the  Whiteuutide  Holiday  or  recess,  was 
ittilBed  for  excuraiona  not  connected  with  the  engineering  part 
of  onr  visit  The  party  broke  up  into  two  groups,  one  going 
tttrongh  North  Wales,  the  other  through  the  Micllaud  counties 
atiil  both  reuniting  in  London.  It  is  dttiug  to  remark  at  this 
pUoe  that  all  through  the  trip  the  courtesies  extended  to  the 
American  engineers  by  English  railway  officials  were  marked 
uid  generous  to  the  greatest  extent.  The  London  and  Korth- 
"Mtera  system  gave  free  transportation  from  Liverpool  to 
ionilon,  including  a  return  privilege  at  whatever  time  the 
liolder  of  the  ticket  desired,  aud  other  systems  followed  later 
nhea  the  party  had  reached  London  and  made  excursions  from 
lliat  point. 

Od  Thursday,  the  X3th  of  June,  those  wonderful  eight  days  of 
licspitality  in  Loudon  began  with  a  choral  service  in  Westmin- 
sltT  Abbey,  conducted  by  Dean  Bradley,  who  gave  an  address 
of  welyome  to  our  American  party ;  then  a  brief  visit  to  the 
Hooses  of  Parliament  aud  iu  the  afternoon  a  receptiim  by  the 
iDsiitation  of  Civil  Enginepra.  The  ktter  was  opened  by  an 
address  of  welcome  from  8ir  John  Coode,  the  president,  the 
vords  of  which  have  been  beautifully  illuminated  and  framed, 
*nd  presented  to  this  society,  and  also  to  our  sister  societies 
here,  by  the  Institution  of  Civil  Engineers,  one  copy  of  which  is 
hnng  in  our  new  rooms.  Our  party  was  especially  fortunate 
in  having  with  it  at  that  time  one  of  our  oldest  and  most  hon- 
ored members,  to  whom  was  committed  the  duty  of  replying 
to  the  address  of  welcome  from  Sir  John  Coode,  aud  who  did 
it  in  a  manner  which  more  than  fulfilled  our  expectations.  Pro- 
fessor Thurston's  admirable  address  on  that  occasion  was  one 
for  which  all  of  oar  party  felt  grateful  and  of  which  all  of  us 
were  proud. 

In  the  evening  of  that  day  a  dinner  was  given  to  the  party, 
by  the  Institution  of  Civil  Engineers,  in  the  old  and  historic 
Guild  Hall  of  London,  a  building  which  we  were  told  had  never 
before,  within  memory,  been  used  for  any  purpose  not  directly 
connected  with  the  civic  hospitality  of  the  City  of  London.  It 
vas  a  great  compliment.  The  dinner  was  elegant  beyond  easy 
expression  and  wa    dignified  and  notable  in  every  particular. 
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Among  the  guests  of  the  occasion  were  the  American  Minister, 
Mr.  Kobert  Lincoln,  Sir  Edward  Thornton,  Lord  Armstrong, 
Arch-Deacon  Farrar,  Dean  Bradley,  Sir  Henry  Bessemer,  Sir 
William  Thompson,  Mr.  Lattimer  Clarke,  Sir  James  Douglass, 
Mr.  Gilchrist,  Mr.  Mather,  Sir  E.  J.  Beed,  Professor  Unwin,  and 
a  great  many  others  whose  names  are  familiar  on  this  side  of 
the  Atlantic  as  well  as  on  the  other.  One  of  the  pleasing  inci- 
dents of  the  evening  was  the  address  given  by  Mr.  Lincoln, 
which  was  worthy  of  the  occasion  and  able  throughout,  and 
at  the  close  of  which  he  gave  utterance  to  a  sentiment,  espe- 
cially complimentary  to  us,  and  typical  of  the  character  of  our 
times  and  of  the  change  in  sentiment  which  is  taking  place  in  the 
world.  Addressing  our  united  party  of  engineers,  English  and 
American,  he  said  that  "engineers  throughout  the  world  are 
*  doing  more  than  any  other  agency  at  the  present  time,  to  bring 
about  the  brotherhood  of  the  nations,  and  to  render  superfluous 
such  offices  as  that  which  I  now  have  the  honor  of  holding." 

The  next  day  was  devoted  to  visits  to  the  docks  and  gas-works, 
to  drainage-works,  to  the  great  Tower  bridge  now  building  across 
the  Thames,  to  Greenwich,  to  the  Yarrow  ship-yard,  to  various 
engineering  works,  and  by  a  fraction  of  the  party,  to  a  visit  to 
Lambeth  Palace,  where  the  Archbishop  of  Canterbury  received 
the  guests  and  conducted  them  personally  through  the  edifice. 
On  the  following  day,  June  15th,  we  were  taken  by  special  train 
over  the  Great  Western  Bailway  to  Windsor,  where  the  Queen 
had  given  special  permission  for  our  party  to  go  through  the 
palace,  and  to  see,  not  only  those  parts  which  are  usually  open 
to  the  public,  but  also  the  private  apartments,  which  were  ex- 
ceedingly interesting.  A  small  fraction  of  khe  party  went  on  that 
day  to  the  grounds  of  Mr.  Boulton,  at  Totteridge,  where  they 
witnessed  a  remarkable  presentation  of  the  "  Midsummer  Night's 
Dream,"  given  in  the  open  air.  The  evening  of  the  day  concluded 
with  a  reception  tendered  to  our  party  by  Lord  Brassey  at  his 
beautiful  house  in  London,  where  we  saw  many  of  the  wonderful 
curios  which  were  collected  bv  himself  and  the  late  Ladv  Brassev 
during  their  yachting  tours  around  the  world.  The  following 
day  was  a  Sunday,  and  on  the  next  day,  Monday,  the  party  went 
in  the  morning  to  see  the  Royal  Palaces  in  London — St  James's 
and  Buckingham.  It  was  one  of  the  coincidences  of  this  visit 
that  we  were  greeted  there  with  the  strains  of  Yankee  Doodle 
and  Hail  Columbia,  the  day  being,  as  one  of  our  party  recalled^ 
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tli«  anniTersary  of  the  battle  of  Buuker  Hill.  On  the  afternocn 
of  ihU  day  Laily  Burdett-Coutts  gave  a  garden-party  and  recep- 
tiim  at  her  London  residence.  The  following  day  was  devoted 
ti  ft  trip  to  water-works  and  pumping- pi  ants,  to  Hampton  Court 
Palace  and  Bushy  Park,  and  the  day  following  to  aimilar  visits 
to  tailviiy  xtations  and  the  great  plant  of  the  London  Electric 
Supply  Corporation,  the  ladiea  goiiig  to  the  flower-show  of  the 
BoTfl]  Botanic  Sofiety;  and  a  party  of  our  members,  unfortunately 
i  sinnll  one,  able  to  avail  of  the  privilege,  spent  the  day  in  a 
TJsit  to  the  residence  of  Professor  Tyndatl,  who  had  invited  as 
lurKe  a  party  aa  his  house  was  capable  of  entertaining.  Those 
tKo  went  received  at  his  hands,  I  am  told,  a  most  cordial  and 
lifiliKlitfnl  reception,  and  it  is  pleasing  to  mention  a  fact,  which  I 
alio  learned  from  those  who  were  fortunate  enough  to  be  there, 
tlirt  tbe  response  made  over  the  luncheon  table  to  the  remarks 
of  Professor  Tyndall  by  our  honorary  chairman,  Mr.  Whittemore, 
were  eloquent  and  beautifully  fitting  to  the  occasion.  Other 
hospitalities  were  extended  to  individual  members  of  the  party 
on  Ofcasions  which  did  not  admit  of  their  being  made  generaL 
One  or  two  of  tbe  London  clubs  gave  admission  to  onr  mpmbers, 
«s  haiialno  been  done  in  Liverpool,  and  in  every  way  the  hospi- 
tahiy  o{  our  £aglish  cousins  was  cordial  beyond  any  mere  words 
of  eipression.  I  think  that  all  of  our  party,  in  undergoing  these 
etperieoces,  realized  that  while  there  was,  of  course,  a  large 
amoDnt  of  personal  hospitality  underlying  it,  and  still  more  of 
profesflional  welcome,  the  true  motive  prompting  these  manifes- 
tations from  oar  English  friends  was  that  of  deep  and  sincere 
cordiality  towards  America  and  Americans.  This  was  made 
evident  to  us  throughout  the  whole  of  our  English  experience, 
uid  it  struck  me  that  the  feeling  of  kinship  on  the  part  of  the 
English  toward  us  is  even  greater  at  the  present  time  than  tbe 
waresponding  feeling  which  we  entertain  toward  them.  We 
Americans  look  back  to  England  as  the  mother  country,  and  as 
such  have  for  it  the  warmest  feeling  of  affection,  but  on  the  part 
of  Englishmen  there  can  be,  of  course,  no  corresponding  feeling 
toward  this  country.  The  fact  of  the  kinship  of  the  two 
peoples,  however,  I  believe  is  more  real  to  Englishmen  at  the 
present  time  than  it  is  even  to  us,  and  I  think  that  they  realize 
more  clearly  than  we  the  fact  that  together  we  constitute  the  two 
branches  of  the  great  Anglo-Saxon,  English-speaking  race,  which, 
in  accomplishment,  especially  in  the  industrial  world,  is  at  pres- 
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ent  easily  the  leader  among  the  nations  in  the  march  of  civili- 
zation. 

On  June  20th  our  English  friends  again  put  us  on  a  magnificent 
special  train,  and  many  of  them  accompanied  us  on  it,  via  the 
London,  Chatham  and  Dover  Railway,  to  Dover,  and  from  there 
by  a  special  steamer  across  the  English  Channel  to  Calais.  Our 
crossing  was  on  a  beautiful  sunny  day,  with  bright  sparkling 
water,  and  with  no  cause  for  discomfort 

Upon  landing  on  French  soil,  we  again  had  an  immediate 
greeting  of  hospitality  from  our  new  hosts,  represented  by  mem- 
bers of  the  French  Society  of  Civil  Engineers,  who  had  come 
from  Paris  for  the  purpose.  Again  we  were  placed  on  a  special 
train,  tendered  by  the  Northern  Railway  of  France,  and  taken 
to  St.  Omer  and  Fontinettes,  to  see  a  new  and  unusual  canal- 
lift  which  had  just  been  completed  there,  and  thence  on  to  Paris- 
Our  hosts,  during  our  French  visit,  were  composed  almost 
entirely  of  members  of  the  French  Society  of  Civil  Engineers, 
headed  by  M.  Eiflfel,  the  president  this  year,  M.  Brull,  a  past 
president,  M.  Contamin,  who  is  the  principal  engineer  of  the 
wonderful  machinery  palace  at  the  Exhibition,  which  has  recent- 
ly been  awarded,  I  believe,  the  prize  of  20,000  francs,  tendered 
by  an  American,  for  that  feature  of  the  Exhibition  which,  in  the 
opinion  of  a  special  committee,  appointed  to  make  the  award, 
represented  the  highest  accomplishment  and  greatest  useful- 
ness. The  committee's  award  was  ^  "*  the  designers  and  build- 
ers of  the  wonderful  machinery-hall,  a  building  having  a  span  of 
330  feet,  and  a  length  of  about  1,500  feet.  The  other  membera 
of  the  reception  committee  were,  M.  Jousselin,  M.  Banderali, 
M.  Pontzen,  M.  Alphand,  who  is  the  director-general  of  the 
Exhibition  ;  M.  Garnier,  the  world-famous  architect ;  M.  Haton 
de  la  Goupilli^re,  who  is  the  head  of  the  ficole  des  Mines  in 
Paris ;  M.  Gottschalk,  M.  Charton,  and  many  others.  A  few 
members  of  the  joint  committee  were  privileged  to  be  the  guests 
at  a  small  but  most  delightful  dinner  given  at  one  of  the  restaur- 
ants in  the  Exhibition  grounds,  by  a  gentleman  whose  name 
has  been  too  little  associated  with  this  wonderful  excursion, 
Mr.  James  Dredge,  of  London,  the  editor  of  the  journal  Engin- 
eering,  and  one  of  the  leading  representatives  of  the  English 
section  of  the  late  Paris  Exhibition.  All  of  our  societies  are 
indebted  more  to  Mr.  Dredge  than  to  any  other  one  person, 
for  inaugurating  the  excursion,  for  enlisting  EngUsh  and  French 
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ahmt  in  it,  and  for  eontribnting  [to  the  snooess  of  the  whole 
vdftrtaldiig.  One  meinber  of  otir  party,  the  treaenrer  of  thia 
flooetfy  Hr.  Wileyf  hnows  tl  facta,  Imt  they  are  not  yet  folly 
ifpiMhted  eyen  by  the  m  ibers  of  oar  party  abroad ;  and 
Iiepeai  fliat  no  amount  of  ti  which  we  can  express  or  ten*- 

in  to  Mr.  Dredge  wonld  cane  the  obligation  which  we  owe  him. 
QaSttfaurday,  the  22nd  of  Jti  ,  our  party  went  to  the  Exhibi- 
.iioi  under  the  conduct  of  m  lers  of  the  French  Society,  and 
voe  tiken  through  a  port  of  it,  and  then  to  the  Eiffol 
Sower,  after  ascending  which,  i^e  were  entertained  at  a  luncheon 
OB  the  lower  platform  of  the  Tower,  presided  oyer  by  M.  Eiffdl, 
Ae  pieaident  of  the  French  Society,  and  attended  yery  numer- 
oidy  by  members  of  the  French  Society  and  guests,  including 
lb  Whitelaw  Beid,  the  American  Minister,  and  General  Frank- 
lb,  our  (Tommissioner  to  the  Exhibition. 

B  would  perhaps  be  encroaching  too  much  on  your  time  to 
nmw  the  Paris  ExhiUtion.    The  subject  is  too  large  to  be 
properly  dealt  with  in  the  time  I  could  ask  of  you.    It  is  worthy 
of  note,  howeyer,  that  the  chief  factor  in  the  success  of  that 
Eikibttion  is  its  engineering.    It  is  the  engineer  who  has  done 
fbe  most  notable  things  in  it ;  the  engineer  who  has  made  possi- 
ble ahnost  every  great  feature  in  it ;  and  of  course  it  is  the 
engineer  who  has  been  called  upon  to  carry  out  the  plans  of  the 
architects  and  designers.     There  was  great  dispute  in  Paris  at 
first,  as  to  the  wisdom  of  erecting  the  Eiffel  Tower,  but  that  dis- 
cussion has  been  closed  by  the  logic  of  facts.     Whether  the 
Tower  is,  or  is  not,  a  thing  of  beauty,  will  remain  a  matter  of 
opinion.    Personally,  it  seemed  to  me  a  fitting  monument  of  the 
great  industrial  fair,  that  was  there  being  held.     It  is  certainly 
graceful,  wonderful,  and  interesting.     As  to  its  utility,  there  can 
be  no  question.     That  has  been  settled  by  the  fact  that  it  has 
paid  for  itself  during  the  period  of  the  Exhibition,  and  any 
structure,  erected  under  industrial   conditions,  may  justly  be 
assumed  to  be  successful,  if  within  a  reasonable  time  it  appears 
that  it  can  earn  a  fair  return  upon  the  investment.     A  further 
reason,  however,  for  considering  it  a  useful  structure  is  the  fact, 
that  to  ascend  the  Tower,  and  to  then  behold  the  wonderful 
panorama  which  is  spread  out  before  those  who  do  so,  is  cer- 
tainly ample  compensation  to  any  one  for  the  brief  time  and  lit- 
tle trouble   required,  and   is  in  itself    a  justification   for  the 
erection  of  the  structure. 
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Our  stay  in  Paris  included  many  other  visits, — to  the  great 
sewers,  to  the  Gobelin  Tapestry  Works,  to  M.  Pasteur's  labora- 
tory, to  the  ficole  des  Mines,  to  the  great  omnibus  and  cab  com- 
pjinies,  to  the  sewerage  and  pumping-stations,  to  Sevres  Porce- 
lain Works,  and  so  on.  The  social  features  of  our  entertainment 
in  Paris  included,  besides  what  I  have  already  mentioned,  recep- 
tions to  a  part  or  the  whole  of  our  joint  party,  by  President 
Carnot,  by  the  Prefect  of  the  Seine,  and  by  the  Municipal  CounciL 
It  was  a  pleasant  feature  of  our  reception  at  the  latter  place,  that 
one  of  the  speakers  on  our  side.  Professor  de  Garay,  of  the  City 
of  Mexico,  a  member  of  the  American  Society  of  Civil  Engineers, 
and  an  accomplished  scientist  and  gentleman,  responded  most 
eloquently  in  the  French  language,  as  was  also  done  by  other 
members  of  our  party  on  other  occasions.  The  Institution  of 
Mechanical  Engineers,  which  had  been  the  first  to  extend  an 
invitation  to  us  to  visit  England,  happened  to  have  their  summer 
meeting  in  Paris,  just  at  the  close  of  our  stay  there,  and  ex- 
tended to  those  of  our  members  who  remained,  an  invitation  to 
their  dinnei',  and  to  their  sessions,  so  that  English  hospitality 
followed  us  even  on  French  soil.  Then  came  the  disbanding 
of  the  party,  some  returning  home,  others  going  south,  and  a 
consideral)le  number  going  into  Germany,  where  we  afterward 
heard  of  them  as  receiving  hospitality  even  more  overwhelming 
than  that  which  had  greeted  us  either  in  England  or  in  France. 
Still  others  of  us  came  back  to  London,  and  a  very  small  num- 
ber, seven  only  being  obtainable,  were  pri^ileged  to  take  part  in 
a  small  but  unique  entertainment,  given  by  Mr.  Dredge,  again 
our  host,  in  order,  as  he  supposed,  to  enable  us  to  present  a 
handsome  silver  loving-cup  to  Mr.  Jamea  Forrest,  as  a  token  of 
appreciation  from  tlie  members  of  the  party  to  him,  for  what  he 
had  done  for  us  during  our  visit  abroad.  The  committee  having 
the  matter  in  charge,  however,  appreciated  that  Mr.  Dredge  was 
entitled  to  a  loving-cup  as  well  ao  Mr.  Forrest,  and  two  cups 
were  prepared,  each  suitably  inscribed.  Each  of  the  two  recipi- 
ents knew  that  the  other  was  to  be  presented  with  a  cup,  but 
neither  knew  that  he  was  to  receive  one  himself,  and  there  was 
a  very  pleasant  and  amusing  denouement  when  the  second  cup 
came  out. 

On  July  22d  a  number  of  our  party  again  came  together  and 
for  the  last  time  accepted  the  hospitality  of  the  Midland  Kail- 
way  and  a  special  car  to  Derby,  and  were  the  guests  there  of 


Mr.  John  Isoble,  the  general  manager  of  the  compaDy,  and  aeve- 
ftlof  Uieir  directors.  After  a  bamlsome  limcheou  in  the  direc- 
tors' room,  we  visited  their  works,  which  are  similar  to  those  at 
Cwife,  although  not  quite  bo  large,  and  eftded  the  day  by  reaoh- 
iag  Liverpool  in  preparation  for  the  homeward  voyage.  The 
faiy  which  reassembled  in  this  way  at  Liverpool  numbered 
mnre  Eban  fifty,  and  came  home  together  on  the  C!h/  of  Paris, 
mi«'hiii(|  Sew  York  just  three  miiiiiies  too  late  to  break  the  ocean 
iBcord.  The  rest  of  the  party  came  home  in  scattering  gronjis, 
but  more  than  fifty  of  us  came  together  once  more  in  this  city 
on  the  23th  of  August,  to  be  the  recipients  of  hospitalities  at  the 
iiiiiik  of  some  of  our  friends  at  home,  at  tlie  Engineers'  Club,  in 
2ffth  street,  where  a  handsome  dinner  was  given  to  the  returning 
piesls,  a  proceeding  which  was  likened  to  Leaping  coals  of  fire 
on  our  heails,  the  hosts  being  those  who  had  not  been  able  to 
participate  in  the  pleasures  which  we  had  just  returned  from  eu- 
joTinf".  And  so  ended  an  excursion  remarkable  in  every  sense 
o/tte  word,  absolutely  unique  and  without  precedent,  and  one 
which  will  ever  be  a  delightful  memory  to  those  whose  privilege 
it  was  to  take  part  in  it, 

THE  INTERNATIOKAL  EXHIBITION. 
The  second  topic  of  which  I  wish  to  speak  this  morning  ia 
th&tof  the  contemplated  International  Exhibition  in  1892.  To 
be  worthy  of  the  occasion  and  of  the  people  which  it  is  to  repre- 
sent, it  must  be  grand  beyond  question,  an  event  without  prece- 
dent in  the  world.  Its  chief  function  will  be  to  exhibit  to  the 
nations  of  the  world  the  industrial  accomplishments  of  a  people 
which,  at  that  time,  will  number  seventy  millions,  and  who,  pro- 
portionately to  their  numbers,  exceed,  in  producing  e£Bciency  and 
power,  any  other  people  of  the  world.  The  exhibition  must 
therefore  be  worthy  of  the  nation,  worthy  of  the  occasion,  and 
worthy  of  comparison  with  its  predecessors.  The  latter  re- 
quirement is  one  not  easily  fulfilled  in  view  of  what  has  just 
heen  accomplished  across  the  water  in  that  wonderful  city  of 
Paris,  It  may  be  possible  for  American  engineers  and  American 
archit«cts  to  equal  the  achievements  of  the  French  in  the  exhi- 
bition which  they  have  just  closed,  but  it  will  be  impossible  for 
na  to  exceed  them.  We  may  equal,  we  may  possibly  even  sur- 
pass them,  in  the  mechanical  features  of  the  fair,  but  we  cannot 
hope,  in  this  generation,  to  rival  the  accomplishments  of   the 
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French  in  the  artistic  qualities  which  are  so  marked  a  feature  of 
the  Paris  Exhibition.  It  is  one  of  the  benefits  which  should 
accrue  to  us  from  having  the  exhibition  here  that  it  will  give 
further  stimulus  to  thef  artistic  sense  in  our  people,  and  will  help 
to  set  on  foot,  and  to  give  greater  \dtality  to  that  quality  in  the 
development  of  our  arts  and  industries.  International  exhi- 
bitions are  typical,  of  this  age.  They  began,  practically,  with 
that  of  London  in  1851,  where  there  were  18  acres  under  roof, 
and  have  been  developed  since  in  a  series  of  similar  exhibitions, 
each  of  which  has  exceeded  its  predecessor  in  extent  and  beauty. 
There  came  next,  the  Paris  Exhibition  of  1855,  with  29  acres ; 
then  London  in  1862  with  22  acres  ;  Paris  again  in  1867  with  38 
acres  and  10,000,000  of  visitors ;  Viei^na  of  1873,  which  is  the 
only  exhibition  in  the  series  that  was  not  a  thorough  success ; 
then  the  Philadelphia  Exhibition  of  1876,  with  48  acres  and 
8,000,000  of  visitors ;  Paris  in  1878  with  its  62  acres  of  buildings 
and  12,000,000  of  visitors ;  and  finally  Paris  in  1889,  with  72 
acres  of  buildings  and  25,000,000  of  admissions. 

The  exhibition  soon  to  be  held  in  this  country,  if  held  under 
right  conditions,  will  require  an  area  under  roof  of  85,  90  or 
possibly  100  acres.  And,  again  if  held  under  right  conditions, 
will  witness  an  attendance  probably  reaching  30,000,000,  and 
possibly  40,000,000.  These  figures  are  difficult  to  comprehend* 
They  represent  a  gigantic  undertaking  the  scope  and  success  of 
which  has  not  yet  been  appreciated  by  those  who  are  discussing 
its  inception  and  possibilities.  It  is  one  of  the  duties  of  engin- 
eers, in  the  discussion  of  the  project,  that  these  facts  should  be 
clearly  brought  out  and  better  understood. 

It  is  interesting  to  consider  the  probabilities  concerning  an 
exhibition  to  be  held  here  in  the  near  future,  in  the  light  of  the 
facts  of  1876.  The  Centennial  Exhibition  in  Philadelphia  was 
held  after  a  long  period  of  commercial  and  industrial  depression, 
when  the  country  was  still  using  a  paper  currency  and  had  not 
resumed  specie  payments,  when  our  national  debt  was  still  a 
heavy  burden,  when  the  country  was  in  many  respects  still  pro- 
vincial, when  our  population  was  43,000,000  and  our  railroad 
mileage  about  76,000.  The  conditions  in  1892  will  be  far  diflfer- 
ont.  So  far  as  we  can  foresee,  an  exhibition  held  in  1892  or  1893 
will  crown  a  long  period  of  industrial  and  commercial  activity. 
Specie  payments  have  been  resumed  and  our  national  debt  de- 
creased nearly  one-half,  the  industries  of  the  nation  are  more 


tigOKUfl  than  ever  before,  the  country  vastly  developed  and  far 
tesa  colonial ;    oar  intercourse   with    foreign    nations    greatly 
Btreajthcuod,  and  by  tliat  time  our  railroad  mileage  will  be 
Oftfly  iloiible  what  it  was  in   1876,  and  our  population  at  least 
spTPnty  millions.     I  think  it  is  a  fact  which  admits  of  no  diacua- 
siontUat  it  is  the  wiah,  as  it  certainly  is  the  interest,  of  tliia 
ustion,  that  the  eshibitiou,  when  held,  shall  be  international ; 
aod  bere  lies  the  kernel  of  the  discussion  as  to  vliere  it  shall  be 
held-    There  is  no  question  biit  what  a  ^eat  exhibition  can  be 
createil  in  Chicago,  or  in  St.  Louis,  or  even  in  Washington,  as 
well  as  in  New  York,  but  it  is  a  grave  question  as  to  whether  an 
esliihition  held  in  any  of  those  places  can  be  made  international 
ifl  the  sense  that  it  can  be  in  this  city.     So  far  as  determined  by 
aetitity,  earnest  effort  and  transparent  desire  to  have  the  event 
take  place  within  its  limits,  Chicago  easily  claims  priority,  and 
all  of  ns  should  unite  in   admiring  the  earnestness,  vigor  and 
zeal  with  which  Chicago  has  set  to  work  to  secure  the  exhibi- 
tion within  her  boundaries.     But  the  question  should  not  be  con- 
sidered or  determined  upon  grounds  so  narrow  as  those  which 
relate  merely  to  the  doings,  or  the  failure  to  do,  of  one  city  or 
commanity.     The  event  is  certaiuly  national ;  we  want  it  also 
ti.'  Ijp  international.     Sectional  interest  and  local  pride,  still  more 
local  jealousies,  should  therefore  be  laid  aside,  and  each  one 
who  has  any  interest  in  the  matter,  or  any  opinions,  or  who  can 
participate  in  the  discussion  and  settlement  of  the  question, 
sbonld  consider  it  in  the  light  of  a  national  affair,  and  should 
seek  that  the  ultimate  decision  shall  be  made  in  such  manner  as 
will  best  promote  the  interests  of  the  nation,  and  not  with  refer- 
ence to  those  of  any  one  locality.     As  to  the  selection,  viewed 
in  this  light,  there  seems  to  me  to  be  no  room  for  discussion.   In 
the  first  place,  to  foreign  peoples  New  York  represents  the  nation 
to  an  tmforttinately  large  extent.     The  remedy  for  this  will  come 
in  time,  from  greater  intercourse  between  them  and  us,  but  it 
will  not  be  hastened  by  attempting  to  hold  an  exhibition  to 
which  we  invite  foreign  nations  at  a  point  one  thousand  miles  or 
more  from  our  seaboard.     To  do  this,  on  the  contrary,  will  be  to 
erect  a  barrier  which  will  have  the  effect  of  excluding  a  large 
proportion  of  foreign  exhibitors  and  visitors.     Our  facilities  for 
travel  are,  we  may  grant,  adequate  to  carrying  from  New  York 
to  Chicago  or  St,  Louis  and  back  again,  without  hindrance,  all 
who  may  come,  bat  that  fact  is  not  known  to  the  people  on  the 
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other  side  of  the  Atlantic,  as  we  know  it  here,  nor  can  we  make 
it  known  or  make  them  believe  that  such  is  the  case.  To 
invite  them  to  come  here  with  their  exhibits,  and  to  then  travel 
a  thousand  miles  from  our  seaboard,  will  be  equivalent  to  invit- 
ing them  to  stay  at  home. 

The  claims  of  New  York  as  a  fitting  place  in  which  to  hold 
this  exhibition  are  too  numerous  to  be  easily  recited,  and  yet  I 
think  it  worth  while  briefly  to  refer  to  them.  In  the  first  place 
the  site  which  has  been  selected  is  beyond  dispute  more  be^^uti- 
ful  by  nature,  and  is  already  more  highly  adorned  by  art,  than 
any  in  which  any  other  of  the  great  world's  fairs  has  ever  been 
held.  I  make  that  statement  unqualifiedly  and  without  reserve. 
No  one  of  these  great  exhibitions  has  ever  been  held  at  a  sea- 
pori  We  have  here,  surrounding  this  island,  the  most  beauti- 
ful waterways  in  the  world.  The  location  chosen  is  so  high  as 
to  command,  from  almost  any  point  of  it,  most  beautiful  views, 
but  from  any  elevation  artificially  created  upon  that  site,  most 
especially  from  any  tower  that  may  be  erected,  there  will  be 
commanded  a  vista  of  land  and  water  absolutely  without  rival  in 
any  of  the  great  cities  of  the  world.  The  facilities  for  communi- 
cation between  the  city  and  that  site,  and  between  the  innumer- 
able summer  resorts  within  a  radius  of  twenty-five  miles  around 
New  York,  are  such  as  to  give  the  benefit  of  hotel  and  lodging 
accommodation  already  in  existence  which  is  probably  adequate 
to  any  demand  which  would  be  put  upon  it,  but  which  is  capa- 
ble of  easy  and  indefinite  extension  before  that  time  shall  come. 
In  addition,  however,  is  an  immense  facility  for  still  adding  to 
these  accommodations  by  resort  to  floating  hotels,  utilizing  for 
that  purpose  the  river  and  harbor  boats  which  will  be  required 
to  carry  people  to  and  from  points  along  the  various  water  fronts. 
The  facility  for  reaching  New  York  from  the  interior  of  the 
country  is  greater  than  that  of  any  other  one  of  our  seaboard 
cities.  The  facility  for  reaching  it  from  Europe  is  absolutely 
unrivaled.  All  of  the  other  cities  combined  do  not  possess 
shipping  communications  at  all  equal  to  those  already  estab- 
lished from  New  York.  It  is  not  a  correct  index  of  the  suita- 
bleness of  a  locality  to  strike  a  long  radius  from  its  center  and 
to  count  the  population  within  the  circle  described,  if  in  so 
doing  the  same  rule  be  applied  to  this  city  and  its  facilities  on 
the  eastward,  or  its  water  communications,  be  ignored.  An 
attempt  has  been  made  in  that  way  to  demonstrate  that  a  greater 
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[K^ilUtion  is  within  nasy  reacL  of  certaia  inland  cities,  but  in  so 
doii^  the  fact  has  been  ignored  that  from  New  York's  eastern 
front,  wliiuli  represents  no  population,  stretoli  forth  the  immense 
u»I  dinntantly  iucreaaiiig  lines  of  communication  which  link 
bigftUier  the  New  World  and  the  Old. 

There  Hre  manj  current  events  which  emphasize  the  import- 
8UK  to  the  country  of  holding  the  proposed  exhibition ;  the 
Pin- American  Congress,  now  in  session,  the  avowed  object  of 
"bicb  ia  to  foster  closer  relations  with  our  neighbors  to  the 
watli,  the  creation  of  our  new  navy,  the  interest  manifested 
t^innghoat  the  Union  that  our  mercantile  marine  should  be 
NAQScitated,  the  desire  which  all  of  our  manufacturers  evidence, 
that  the  markets  open  to  their  products  should  be  enlarged  and 
eitenileii  beyond  the  boundaries  of  the  country,  and  the  fact, 
irhieh  both  of  our  political  parties  have  plainly  recognized,  that 
we  are  outgrowing  our  industrial  childhood  and  are  rapidly 
approaching  a  point  where  protection,  which  has  done  so  much 
to  fnater  our  industries,  is  no  longer  needed  to  the  same  extent 
as  m  the  past,  a  recognition  of  which  fact  will,  in  the  near  future, 
enable  us  to  enter  in  competition  for  the  markets  of  the  world  on 
Wttcr  terms  than  we  have  ever  done  before.  AH  of  these  facts 
illustrate  and  emphasize  the  desirability  to  this  people  of  com- 
ing into  closer  communication  with  the  nations  on  the  other  side 
of  the  Atlantic.  The  Centennial  of  1 876  was  a  great  blessing  to 
this  country  as  an  educator  of  our  own  people,  and  the  wonder- 
ful development  of  the  artistic  element  in  our  own  industries 
which  resulted  from  it  has  been  beneficial  to  an  extent  not  easily  ' 
exaggerated.  The  value  of  the  exhibition  now  to  be  held  should 
be  of  a  different  kind,  however.  While  it  also  will  help  to  edu- 
cate us  in  a  similar  manner,  I  believe  that  its  greater  value  will 
be  in  educating  the  people  of  other  countries  to  a  better  knowl- 
edge of  the  industrial  accomplishments  of  this  nation,  and  to 
the  fact  that  the  United  States  has  become  one  of  the  buying 
markets  of  the  world,  one  in  which  the  buyers  of  all  countries 
>re  interested  and  concerned,  and  of  which  they  need,  in  their 
own  interests,  far  better  and  larger  knowledge  than  they  have  at 
the  present  time.  In  no  way  can  we  put  that  knowledge  before 
them  better,  and  interest  them  more  in  understanding  it,  than  by 
holding  an  exhibition  which,  as  I  have  said  before,  shall  be 
international-,  and  which  shall  attract  to  it  the  lai^est  possible 
onmber  of  visitors  from  the  other  countries  of  the  world. 
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But  how  is  such  an  exhibition  to  be  created?  and  when  can  it 
be  held  ?  The  Paris  Exhibition  of  the  present  year  had  at  its 
head  M.  Alphand,  who  has  been  identified  with  each  of  the  pre- 
ceding great  exhibitions  there,  and  who  has  for  forty  years  been 
intrusted  with  the  management  of  the  great  parks  and  the  con- 
stantly recurring  fitcs  of  Paris.  He  had  associated  with  him 
M.  Berger,  who  had  been  the  administrator  of  six  preceding 
expositions.  Its  art  exhibit  was  in  charge  of  M.  Mery,  who  was 
in  charge  of  the  great  Paris  Salon  for  many  years.  Its  archi- 
tectural features  were  largely  directed  by  M.  Garnier,  the  archi- 
tect of  the  Paris  Opera  House,  a  man  of  world-wide  reputation, 
and  its  en^^ineering  department  had  in  its  leadership  such  men 
as  Eiffel,  Contamin,  and  Charton.  Even  with  the  leadership 
and  help  of  such  men  as  these,  and  of  an  army  of  them — the  list 
of  officials  of  the  Paris  Exhibition  covers  many  pages  of  a  printed 
book — even  under  such  leadership  as  this,  how  long  did  it  take 
France,  with  all  her  resources  and  all  her  readiness  for  such 
work,  to  accomplish  the  exhibition  which  has  just  been  closed? 
Four  and  one-half  years.  That  is  the  length  of  time  which 
passed  from  the  enactment  of  the  first  law  decreeing  that  the 
exhibition  should  be  held  until  its  accomplishment ;  fifty-four 
months,  to  state  it  otherwise.  It  is  interesting  to  note  othei 
figures  relating  to  the  time  required.  The  first  credit  of  100,000 
francs,  and  the  first  advertisement  for  designs  for  buildings 
were  issued  forty-five  months  in  advance  of  the  date  of  open- 
ing. The  financial  scheme  was  promulgated,  full-fledged  and 
complete,  and  the  executive  staff  organized,  thirty-four  months 
in  advance,  and  after  all  of  this  long  period  of  preparation,  under 
tlie  leadership  of  the  ablest  men  of  the  nation,  the  time  required 
for  actual  construction  was  thirty  months.  We  have  now  remain- 
ing before  the  first  of  May,  1892,  twenty-nine  months.  It  is  the 
duty  of  the  American  engifieer  at  the  present  time^  in  connection  with 
this  cRterprise^  to  say  to  tJte  people  of  the  nation  thai  it  cannot  be  done 
in  1892  ;  we  must  fake  wore  time.  It  is  possible,  beyond  question, 
for  New  York  or  Chicago,  or  any  of  our  great  cities,  to  hold  an 
exliibition  in  1892,  and  to  make  it  huge  and  showy,  heterogeneous 
and  discreditable  ;  but  that  it  can  be  done  in  any  manner  worthy 
of  the  nation  and  of  the  occasion,  in  the  short  period  of  twenty- 
nine  mouths,  and  especially  that  it  should  have  grafted  into  it 
any  reasonable  amount  of  artistic  excellence,  which  will  make  us 
not  ashamed  to  have  it  compared  with  what  has  been  accom- 
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plishecl  at  Paris,  is,  in  my  opinion,  simply  impossible.  And  if  I 
am  right  in  that  view  of  it,  I  beg  to  suggest  to  the  members  of 
the  profession  that,  in  discussing  the  subject  everywhere,  this 
fiict  should  be  stated,  together  with  the  reasons  on  which  it  is 
based,  as  soon  and  as  fully  as  possible.  Sentiment  is  the  only 
reason  for  attempting  to  have  the  exhibition  in  1892.  In  every 
other  respect  it  would  be  better  if  held  later.  And  surely  senti- 
ment in  this  connection  should  be  made  secondary  to  success. 

To  indicate  the  possible  benefit  of  such  an  exhibition,  not 
merely  to  the  locality  in  which  it  takes  place,  but  to  the  nation 
at  large,  I  have  put  together  a  few  of  the  many  statistics  relat- 
ing to  the  Paris  Exhibition  of  1889.     The  cost  of  admission  in 
Paris  averaged  about  ten  cents;  it  was  more  at  first,  and  less 
at  the  close  of  the  exhibition.     Ten  cents  in  Paris  represents 
easily  thirty  cents  in  America,  taking  into  account  the  difference 
in  rate  of  wages  and  the  different  values  of  money,  and  espe- 
cially the  fact  that  our  working  people  are  better  off,  far  more 
ready  to  spend  money  for  such  things,  and  far  more  accustomed 
to  travel  than  the  corresponding  classes  in  France.     The  aver- 
age attendance  at  the  Paris  Exhibition  was  125,000  per  day,  and 
on  Sundays  300,000.     The  maximum  on  any  one  day  was  405,- 
000  persons.     The  total  attendance  was  25,000,000.     The  finan- 
cial facts,  briefly,  were  that  the  original  estimates,  made  witli 
the  most  wonderful  comprehensiveness,  intended  to  outline  in 
atlvance  every  detail  of  receipt  and  expenditure,  to  appro])riate 
a  definite  amount  for  each  item  of  construction  and  expense,  and 
to  rigidly  hold  the  administration  to  expenditures  within  those 
limits, — those  estimates  were  originally  forty-three  millions  of 
francs,  and  were  subsequently  in(  reased  to  forty-six  and  a  half 
luillions  of  francs.  But  the  enormous  attendance,  especially  dur- 
ing the  latter  part  of  the  exhibition,  increased  the  receipts  some 
eight  millions  of  francs,  nearly  all  of  which  is  profit,  which 
amount  will  be  divided  among  the  contributors  to  the  initial 
himl.     The  Eiffel  Tower  cost  six  and  a  half  millions  of  francs  to 
build,  and  its  net  receipts  during  the  exhibition  happened  to  be 
just  the  same  amount,  leaving  the  property  fully  paid  for,  in  the 
ownershii)  ^^  ^^^  present  company,  with  a  concession  for  twenty 
vears,  during  whi«h  time  the  profits  will  revert  to  them.     The 
railways  entering  Paris  carried,  during  the  exhibition,  five  mil- 
lions more  passengers  than  they  did  in  the  corresj^onding  period 
of  18^8,  an  increase  of  fourteen  per  cent.     The  octroi,  or  local 
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duty  on  merchandise  carried  into  the  city  for  the  first  nine 
months  of  1889,  was  greater  by  two  millions  of  dollars,  than  dur- 
ing the  previous  year,  a  direct  return  to  the  city  for  its  contribu- 
tion to  the  cost  of  the  exhibition  buildings.  The  omnibuses  and 
tramways  carried  fifteen  milUons  more  passengers  than  in  188a 
The  river  boats  carried  twenty  millions  more,  or  double  the 
number  of  the  previous  year.  The  Circular  Bailway  around  the 
city  carried  thirty  thousand  people  per  day  more  than  in  1888, 
and  the  net  earnings  of  the  six  leading  French  railways  increased 
during  the  exhibition  period,  as  compared  with  the  year  before, 
110,900,000.  It  is  estimated  that  of  the  visitors  to  the  city  of 
Paris  five  millions  were  French  people,  and  six  and  one-half 
millions  foreigners,  the  latter  being  much  the  more  liberal 
spenders.  One  authority  estimates  that  the  money  expended 
by  visitors  in  the  city,  French  and  foreign,  was  $358,000,000; 
but  another  and  more  conservative  authority,  which  I  prefer  to 
accept,  places  the  amount  at  $250,000,000.  Either  of  these 
amounts  re])re8ents  an  enormous  sum.  There  were  sixty  thou- 
sand exhibitors ;  there  were  seventy  congresses  held  in  Paris 
during  the  summer;  and  the  whole  affair  was  most  truly  a 
national  glory. 

The  American  engineer,  as  I  have  told  you,  has,  at  the  pres- 
ent time,  in  my  opinion,  a  first  duty  in  reference  to  the  contem- 
plated exhibition ;  that  is,  to  tell  his  countrymen  that  it  cannot 
be  properly  held  in  1892,  and  that  we  should  have  at  least  one 
more  year  in  which  to  make  preparation  for  it,  and  this  without 
any  reference  to  the  locality  in  which  it  is  held.  The  engineer, 
whenever  it  shall  be  held,  must  bear  the  chief  burden  of  prepa- 
ration and  construction,  and  the  profession  at  large,  civil, 
mechanical,  electrical  especially,  and  even  miniug  engineers,  are 
all  concerned  to  see  that  this  exhibition,  when  it  takes  place, 
shall  be  made  worthy  of  the  nation.  The  work,  of  which  they 
will  each  have  to  do  their  share  in  the  prej^aration,  planning  and 
construction,  will  be  large  and  profitable  to  them,  both  in  the 
immediate  employment  it  will  afford,  and  still  more  in  the  pro- 
fessional experience  which  it  will  afford,  and  in  the  professional 
intercourse  it  will  bring  with  brother  engineers  from  other  parts 
of  the  wculd.  And  in  this  connection  we  mu^t  remember,  espe- 
cially those  of  us  whose  i)rivilege  it  was  to  take  part  in  the 
excursion  of  last  summer,  that  one  of  the  obligations  which  will 
come  with  the  exhibition,  when  it  is  held,  will  be  to  act  as  hosts 


to  oar  English,  our  Frencli,  I  our  Oenusn  friendB,  who,  we 
then  liope,  will  reciprocate  t  fisit  whioh  we  bare  made  to 
ttieu  tliis  year. 

TBI  BOOIETI. 
The   last  subject  to   whici  I         1  %   and  i  I 

treat  more  briefly,  relates  i     ■      i  (        rfl   of  our  (      i  «    el 
This,  the  Tonnger   in  the  b  i     ji        i 

societies,  had  its  eonceptiou  ',1       ,       an  ii     ! 

meeting  of  which  the  lament      &.  X^  ±1        f  y  t      . ;  ai 

at  the  risk  of  encroaching  n  ia  s  up       y<     r 

time,  I  cannot  forbear  quotin  !ro         9  a 

which  he  made  at  that  time,  to         i      *    Ally 

Btting  and  interesting  in  the        it  n  lit     bare     curred 

between  then  and  now.     He 

"Ti  Kttine  tery  rHUisikaUle  ilial         iBBtl         u  Of  iBMhanleat  engln«eritig— 

■h>ch  UD'InlieB  nil  engioreridg— ha  BD  organlieii  Id  thisMuDtrf 

i>f  UHhinicnl  eii^naeis.    I  (^onfeBs '     t  >TeTtfae  nngbrit  m«oliNiic«l 

I        ni^iwrni<ir,  wltb  rcfenmce  tonurprop         oodi      ,  i  wu  utomrhed  U  ita  mag- 

I        tuiu<!«.    Ih>dn»ierreiiii2'-ditbPf(  .... 

I  "I  would  noi  iindernite^I  coiild  not  too  bigblj  magnify — the  wide  and  pio^ 
I  Ibnod  Mtflimie  kDOwlrdge  enipluyeJ  In  looaUiig  ud  pliinDiiig  AeBe  vast  work* 
»/nYii  fiipinceriop — llie  canal,  Ilip  liarbot.  the  railway,  the  tunnel,  tli«  pier,  the 
lirciknoter — I  rin\r  eMiplinRJi'-  ihc  fir.:t  tlint  our  own  profersioii  of  niPChanicB  and 
dtniuiii^f'  iiniiprtips  llirir  consudillon  and  utilization— it  is  tlie  inteimtdiate 
fon-et  ^(M'i;<-ii  a/i!iir-i  aa  ib-  uim  liand,  and  tlie  artificial  struiture  and  the 
inifirial  work  done  on  the  olher  hand. 

"SLoiild  the  arthilect  and  the  civil  eugineei  pay  th«l;tbe  mere  moldliiK  and 
mrmbliiig  of  mBmlHtrs  is  Dot  worthy  of  a  profeHsional  name  and  stiilut;  the 
mMhanical  engTn^er  may  reply  that  the  mere  calcuUtion  of  strains  from  well- 
iuoim  fonnalB,  ar.dtlie  mere  grouping  of  conventional  forms  is  no  more  wnrtliy. 
The  fn'Oins  that  reaches  the  hai-mony  of  perfect  construction  and  perfect  beiiuty 
(■bich  are  interchangeable  termsl  in  Natiii'e'a  inert  materialB,  may  not  be  loftier 
ibaa   that   which   as  perfectly  utilizes    and   goveme  her  wild   and   capricious 

"We  should  also  briefiy  conalder  the  advantages  and  charncter  of  our  pro- 
posed organlxatiou. 

"  First.  The  most  obvious  advantage  is  tlie  collection  and  diffusion  of  definite 
»nd  much  needed  information,  by  means  of  papera  and  discuaaiona. 

" SfOiiid.  A  le:ta  obvious,  but  it  seems  to  me,  a  more  importune  advantage  of 
n^nintioE,  is  the  general  persunal  BC(|a>itntanCB  thus  proinoted,  anions  engiu- 
fen  >ad  the  business  mea  nesociated  with  them.  It  in  being  found  out  that 
fidy  men  can  imparl  more  information  to  one  man  than  ihe  one  can  imparl  to  the 
ittj. 

■■  Third.  The  habit  of  wrlllng  and  djpcu-'Biiig  technical  papers  ia  of  very  great 
importance.     It  eogrnders  habits  of  luouglit,  at  once  rapid  and  e 
tun  can  work  better  who  can  formulate  the  merits  and  defects  of 
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"  Finally,  the  rapid  and  healtliv  growth  of  the  society  will  largely  depend  on 
the  character  of  the  first  few  years*  papers.  Witli  men  of  work  and  of  note  for 
eurly  officers,  and  a  jroodly  number  of  really  important  and  wcll-wiitteu  papers 
at  the  Btait,  the  success  of  the  Society  of  Mechanical  Engineers  is  asMiTed/' 

Holley*s  prediction  has  been  fulfilled,  but  it  devolves  upon  us 
to  carry  on  the  work,  if  we  can,  to  do  even  better  in  the  future 
than  in  the  past. 

On  November  5th,  1880,  the  first  regular  meeting  of  the  Society 
took  place  under  the  presidency  of  Professor  Thurston,  with  a 
membership  then  of  189.  At  the  same  time  the  membership  of 
the  Society  of  Civil  Engineers  was  611,  and  that  of  the  Institute 
of  Mining  Engineers,  843.  All  have  prospered  in  the  interval, 
but  none  more  so  than  we.  Our  membership  to-day  is  1,048,  that 
of  the  Civil  Engineers,  1,280,  and  that  of  the  Mining  Engineers, 
who  require  no  professional  qualification,  1,986.  The  aggregate 
of  all  three  Societies  is  something  over  4,000,  or  with  the  new 
and  younger  Society  of  Electrical  Engineers,  probably  4,500.  It 
is  interesting  to  note  that  the  membership  of  the  Institution  of 
Civil  Engineers  of  Great  Britain  is  5,728,  and  that  their  increase 
for  last  year  was  198,  ours  being  173. 

During  the  year  which  has  just  closed  the  Society  has  moved 
into  new  offices,  at  No.  64  Madison  Avenue,  far  more  suited  to 
its  work  and  efficiency  than  any  it  has  yet  occupied,  a  change 
which  will  undoubtedly  increase  its  usefulness,  especially  as  to 
the  library.  Our  meetings  are  held,  however,  not  in  the  Society's 
rooms,  nor  always  in  this  city,  but  at  points  scattered  throughout 
the  country ;  and  in  my  opinion  that  policy  should  be  rigorously 
adhered  to,  and  our  meetings  held  constantly  at  new  points  in 
order  that  the  membership  in  all  parts  of  the  country  may  have 
the  privilege  of  attending  them,  and  that  our  membership  may 
be  increased  in  all  directions  and  thus  be  thoroughly  national 
and  not  local.  Local  organizations  exist  already,  and  are  to  be 
encouraged  as  affording  facility  for  frequent  meetings  and  the 
discussion  of  matters  of  local  interest,  but  it  is  to  be  hoped  that 
ultimately  they  may  become  chapters  of  the  larger  society. 
And  in  this  connection  I  wish  briefly  to  refer  to  the  fact  which 
was  mentioned  more  than  once  during  our  European  trip  of  last 
summer,  and  which  seems-  to  be  striking  deeper  and  deeper  root 
into  the  minds  of  the  members  of  all  of  our  societies,  namely* 
that  the  time  is  approaching  when  it  will  be  both  desirable  and 
possible  to  create  some  new  organization  which,  without  in  any 
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way  interfering  with  or  diminishing  the  autonomy  and  useful- 
ness and  individuality  of  the  existing  societies,  shall  unite  in 
one  larger  and  more  thoroughly  national  organization  the  older 
and  leading  members  of  each  ;  a  society  which  shall  include  in 
its  ranks  the  best  representatives  of  American  engineering,  and 
of  which  membership  will  be  a  valued  privilege  and  one  which 
will  convey  distinctly   an  understanding   of  high  professional 
character  on  the  part  of  those  who  are  in  its  ranks.     Especially 
is  this  desirable  with  reference  to  its  bearing  upon  our  relations 
to  engineers  from  other  countries,  and  for  this  reason  it  is  to  be 
hoped  that  some  such  organization  may  be  accomplished  before 
the   proposed    international    exhibition,    when   we    hope    and 
beUeve  that  large  numbers  of  foreign  engineers  will  come  to  this 
ooiintrj  as  the  guests  of  American  engineers. 

Finally,  as  to  the  Society,  it  seems  to  me  that  notwithstanding 

the  saccess  which  has  been  achieved  in  the  past,  and  the  large 

fulfillment  we  have  made  of  HoUey's  prediction  and  hope,  there 

is  still  room  for  further  improvement,  especially  in  our  methods 

of  business,  in  the  care  with  which  we  edit  our  transactions  and 

publications,  and  in  the  providing  of  means  and  facilities  for 

undertaking  special  investigations,  as  is  done  by  the  English 

societies,  and  as  cannot  often  be  done  by  private  individuals,  and 

for  which  purpose  funds  should  be  provided,  for  the  building  up 

of  our  library  (a  matter  which  will  be  touched  upon  by  the  Lil)rary 

Committee  in  its  report   later),  and  in  general  for  stimulating 

aud  increasing  the  usefulness  of  this  society  of  engineers.     All 

of  these  are  among  the  duties  devolving  upon  the  members,  far 

more  than  the  mere  effort  to  increase  our  numbers,  which  are 

growing  as  rapidly  as  is  healthful,  and  we  cannot  do  better,  all 

of  us  who  have  the    interest  of   the  Society  at  heart,   than  to 

remember  that   in   such  ways,  and  especially   in  the  effort  to 

elevate   the    character    of   our   transactions  and    to    contribute 

papers  covering  original  investigations  and  matters  of  prc^fes- 

sional  value,  we  will  most  efficientlv  bear  our  share  in  briuy:ine: 

about  the  result  which  we  all  so  earnestly  desire,  namely,  the 

further  growth  in  prosperity  and  usefulness  of  the   Society  of 

which  we  are  members. 
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CCCLIX. 

TABLE  OF  THE  PROPERTIES  OF  STEAM^THEIR  USE 
IX  STUDY  OF  STEAM-ENGIXE  EXPERIMENTS* 

Br  V.  DvrEL«nACVKRg-DERT,  LlEOE,  Bbloium. 

(Honorary  Member  of  the  Society.) 
INTRODUCTION. 

M.  V.  Dwelshauvers-Dery,  the  distinguished  head  of  the 
School  of  Mines,  at  Li^ge,  Belgium,  has  recently  given  much 
attention  to  the  study  of  the  exchanges  of  heat  occurring  in  the 
cylinder  of  the  steam-engine,  resulting  in  losses  of  energy  of 
serious  amounts,  as  illustrated  by  the  experiments  of  Watt,  of 
Clarke,  of  Him,  and  of  Isherwood.  In  the  course  of  this  work, 
he  has  devised  an  exceedingly  interesting  and  useful  method  of 
exhibiting  the  process  of  exchange  occurring  in  any  given  case 
in  which  the  data  have  been  made  available  by  experiment,  and 
has  given  graphical  constructions  representing  this  action  and 
its  effects.  He  has  also,  recently,  prepared  a  set  of  steam 
tables  to  be  used  in  the  course  of  such  work  ;  which  tables  he 
has  kindly  consented  to  lay  before  the  American  Society  of 
Mechanical  Engineers.  These  tables  are  here  presented,  the 
measures  being  given  in  British  units,  and  in  such  form  as  may 
best  facilitate  the  calculations  to  be  made  from  data  obtained  in 
formal  trials  of  the  steam-eugine. 

The  text  accompanying  the  tables  embodies  a  succinct  expo- 
sition of  the  theory  of  M.  Hirn,  whose  views  and  methods  are 
closely  followed  by  tlie  author  of  the  tables,  and  two  examples 
are  given,  illustrating  the  method  of  M.  Dwelshauvers.  Ap- 
pended, also,  is  a  plate  in  which  is  exhibited  the  complete 
graphical  construction  of  the  i)rocess  and  results,  as  devised 
by  the  distinguished  author,  our  colleague,  and  showing  the 
quantity  of  heat,  and  of  equivalent  work  produced ;  the  quan- 
tity lost  by  the  cylinder  walls,  and  the  amount  of  the  remain- 

*  Translated  from  the  Fiencli  in  the  office  of  the  Society. 
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ht^  loBsea.      The  total   of  these   several  qnantities   meastmsj^ 
tiM  amount  of  heat   and   of  energy   supplied   to   the   enguifc  ' 
This  "digram  of  exchanges,"  as  its  author  calls  it,  may,  also, 
nut  improljably,  prove  to  ha  oi  very  great  value  to  the  engineer 
seeking  to  determine,  in  advance  of  the  construction,  the  prob- 
able demand  of  a  proposed  engine  doing  a  specified  quantity  of 
■work.    The  problem  of  discovering  the  methods  and  the  laws  of 
wastes  occurring  through  the  interaction  of  the  steam  and  the 
enclosing  surfaces   of   the   steam   cylinder  is,  to-day,  the  one 
important  problem  in  the  theory  of  the  engine.     This  problem, 
attacked  mathematically  by  Grashof,  and  experimentally  by  a 
doxen  well-known  engineers,  is  exhibited  and  illustrated  by  the 
gmphiaid  work  of  Dwelshauvers  in  such  manner  as  is  likely  to 
prove  of  real  assistance  in  promoting  the  tinal  complete  sola- 
tion.    The  author  of  the  paper  and  of  these  tables  has  been  a 
verr  old  friend  of  Hirn,  whose  work  has  been  familiar  to  him 
from  its  inception  and  has  been  closely  followed  from  the  begin- 
ning.   His  papers  have  done  much  to  make  useful  the  work  of 
the  great  physicist  and   engineer  who   has  given  us  so  much 
Talnable  data,  and  this  process  of   treatment  is  not  the   least 
important  of  his  accomplishments. 

Tbnsp  whn  are  specially  iutfrested  in  this  subject  can  get 
still  more  complete  ideas  of  the  method  and  of  the  results 
I  rf  its  application  by  studying  the  paper  of  M.  Dwelshauvers- 
I  Dery  recently  issued  by  the  British  Institution  of  Civil  Eugin- 
PTs  'No.  3403  A.1  on  the  trials  of  Mr.  Bi-yau  Donkin's  engine. 
It  will  be  seen  that  the  method  consists  in  the  application  of 
the  processes  here  indicated  to  the  computation,  from  the 
measurement  of  the  indicator-dia^iiram,  of  the  quantities  of  heat 
lost  by  the  steam  in  the  engine  in  the  three  principal  directions 
of  expenditure :  transformation  into  mechanical  energy ;  waste 
by  way  of  the  metallic  surfaces  of  the  interior  of  the  cylinder ; 
thermodynamic  and  thermal  losses  in  other  directions.  By  this 
method  of  study  of  the  work  of  Mr.  Donkin,  it  is  found  that  the 
jactet  does  not  always  produce  a  flow  of  heat  into  the  engine,  a 
result  probably  suspected  by  every  expert  observer  and  experi- 
cDced  engineer  having  much  acquaintance  with  the  steam- 
engine,  but  probably  never  before  so  completely  proved.  The 
iaiit  accounts  for  the  very  diverse  testimony  often  given  respect- 
ing the  action  and  efficiency  of  the  jacket.  The  process  pur- 
sned  by  our  author  enables  us  to  divide  the  engine  into  its  two 
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parts,  treating  the  two  ends  of  the  cylinder  separately,  and  dis- 
covering, through  the  examination  of  their  differences,  manj 
facts  not  otherwise  obtainable.  A  distinction  never  before 
quantitatively  made  is  that  of  the  positive  and  the  negative  flow 
through  the  surfaces  receiving  lieat,  and  through  those  restor- 
ing heat.  In  some  cases,  the  one  area  and  quantity  is  the 
greater,  in  others  the  other.  Thus  the  jacket  may  sometimes 
produce  marked  economy,  while  in  other  cases  it  may  produce 
none  or  may  even  cause  loss.  We  find,  also,  that  the  jacket 
may  produce  economy  by  simply  preventing  external  losses, 
giving  absolutely  no  heat  to  the  steam,  but  simply  preventing 
its  losing  as  much  as  it  otherwise  would,  at  the  critical  instants 
of  transfer  to  the  metal  of  the  cylinder.  It  is  easy  to  show,  by 
this  or  other  methods,  that  the  use  of  the  jacket  is  ordinarily 
advantageous  by  preventing  transfer  of  heat  to  the  metal  of  the 
cylinder  during  admission,  and  that  the  function  of  the  jacket  is 
usually  substantially  completed  at  the  close  of  this  period,  and, 
consequently,  that  the  engine  of  large  diameter  and  small 
stroke,  a  given  volume  being  demanded,  and  with  a  jacket  on 
its  heads,  has,  ideally  at  least,  an  advantage,  economically,  a 
fact  which  has  probably  been  suggested  by  many  familiar  data 
to  many  engineers. 

These  comments  are  presented  to  the  society  in  the  hope 
that  the  work  of  the  distinguished  author  of  these  tables  may 
become  more  familiar  to  members  generally,  and  that  they  may 
become  useful  to  all  who  are  engaged  in  the  study  and  investi- 
gation of  the  efficiencies  of  the  steam  and  other  heat  engines. 
The  writer  esteems  it  a  pleasure  and  an  honor  to  have  been 
permitted  to  make  this  presentation. 

R  H.  Thurston.- 

PEOPEETIES  or  STEAM. 

1.  It  would,  perhaps,  be  useful  to  those  who  are  studying  the 
steam-engine,  to  present  to  them  tables  of  saturated  steam  more 
complete  than  they  are  ordinarily  made.  Such  tables  are  in 
existence  in  French  units,  and  they  have  been  translated  into 
the  British  equivalents,  making  use  of  the  fundamental  data 
taken  from  most  reliable  authorities.  No  attempt  has  been 
made  to  obtain  a  precision  beyond  dispute.  The  attempt  has 
not  been  to  make  a  learned  disquisition,  but  simply  a  useful 
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pipeL   The   nathor   will  feel  entarely  satisfied  if  Qaa  end  IB 

lUnined. 

2.  It  wiil  be  supposed  thnt  the  reader  is  familiar  vith  the 
{■ropertieei  of  dry  and  saturated  steam  as  veil  aB  those  of  water 
muter  eorrespuuding  pressure  at  a  given  temperature.  Itvill 
be  anfficjeut,  then,  to  recall  them  snociiiotlj :  When  steam  ifl 
saturated  noder  a  giveu  prDssore,  it  has  a  temperature  and  a 
density  which  are  known.  FtV  example,  steam  at  sixty  poands 
pressnie  per  square  mcU  Ims  a  temperature  of  2d2'*.62  F.,  and 
s  pnnsi]  of  that  vapor  occupies  a  Tolome  of  7.0828  cabio  feet; 
or  again,  a  cubic  foot  of  thiit  steam  weighs  (X14S19  lbs.  These 
figures  are  given  in  the  table  ia  the  following  order : 

The  first  columQ  gives  the  pressore  of  .the  steam,  p,  in  ponnds 
pr  square  inch. 

Tbe  second  column  givcx  tbo  same  pressore,  P,  fii  pooods  per 
«|aare  foot ;  that  is  to  say,  P  =  144  jx 
The  third  column  gives  the  temperajmre  in  degrees  Fahrenheit.  , 
I       Tbe  fourth  column  gives  tho  Tolume  of  a  pound  of  satarated 
I     dry  steam  expressed  in  cubic  feet 

I       Tlie  fifth  column  gives  the  weight  of  a  cabic  foot  of  dry  satn- 
I     nite'l  steam    at   the   pressure  given   in  the  first  column  and 
expressed  in  pounds. 

3.  Tlie  Eve  following  columns  give  in  British  thermal  units 
the  different  quantities  of  heat  to  which  the  followiog  names  are 
given; 

9,  beat  of  water  under  the  pressure,  p,  of  the  first  column 
aod  st  the  corresponding  temperature,  t,  of  the  third  column. 
It  is  the  number  of  British  thermal  units  contained  in  a  pound 
of  water  at  the  temperature,  /,  and  the  pressure,  p,  taken  above 
that  amount  of  heat  which  is  contained  in  water  at  the  tempera- 
ture of  melting  ice ;  i.  e.  +  32°  F.  From  this  definition,  if  the 
number  of  thermal  units  is  sought  which  is  necessary  to  raise 
the  temperature  of  a  pound  of  water  from  102'.09  to  233^02, 
look  out  in  the  sixth  column  the  values  of  q  which  correspond. 
That  ia,  ?„  ^70.09  and  q^  =  202.32,  and  the  difference  y,  -  ?«  = 
132.13  thermal  units  will  be  the  required  answer. 

p,  interior  latent  heat  of  a  pound  of  dry  saturated  steam :  that  is 
to  say,  the  heat  which  corresponds  to  the  work  necessary  solely 
to  overcome  the  internal  molecular  forces  which  hold  the  mole- 
colea  at  the  distances  at  which  they  must  be  while  the  mass  is 
in  a  hqnid  state,  in  order  to  bring  them  to  the  distances  at 
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whicli  they  will  be  found  when  the  mass  is  in  the  condition  of 
saturated  steam. 

A  P  u  is  the  exterior  latent  heat  of  a  pound  of  steam  gener- 
ated under  the  constant  pressure  P  pounds  per  square  foot, 
while  the  piston  sweeps  through  the  volume,  u.  This  demands 
explanation.  The  exterior  latent  heat  has  been  measured 
under  the  following  conditions :  a  pound  of  water  is  put  in  a 
cylindrical  vessel  at  a  temperature  f,  and  in  the  cylinder  is  a 
piston  which  exerts  on  the  surface  of  the  water  a  pressure  of  p 
pounds  per  square  foot,  corresponding  to  t  degrees  for  saturated 
steam.  To  give  precision  to  the  discussion,  let  ^  =  292 '.52. 
The  table  gives  P  =  8,640  pounds  per  square  foot  In  this 
condition,  the  pound  of  water  occupies  a  volume,  tr.  Heat  is 
furnished  in  a  measured  quantity.  Then  the  piston  rises  in  the 
cylinder,  the  temperature  of  the  water  remains  unchanged,  but 
the  water  evaporates  little  by  little  until  there  is  nothing  but 
dry  and  saturated  steam  at  the  pressure  P,  and  the  tempera- 
ture t.  At  this  instant,  stopping  the  experiment,  the  volume  w, 
traversed  by  the  piston,  is  measured  and  expressed  in  cubic 
feet.  Hence  follows  naturally  a  -\-  u  =  v.  Where  r,  as  above, 
denotes  the  volume  occupied  by  the  pound  of  saturated  steam 
at  the  pressure  P,  experiment  shows  that  P  =  8,640  pounds  per 
square  foot,  and  t  =  292  .52. 

(T  =  0.0160 ;  u  •=  7.0168  cubic  feet. 

Whence  we  conclude  that  the  heat  furnished  has  done  a  work 

P  u  foot  lbs.  to  raise  the  piston  against  the  exterior  pressure,  and 

since  each  thermal  unit  corresponds  to  772  foot  pounds  it  follows 

that  the  heat  which  disappeared  by  doing  this   exterior  work 

P  u        . 
is  denoted  in  thermal  units  bv  -^_^,  which  becomes  A  P  u  it 

"   772 

772 
r  is  the  total  latent  heat  of  a  pound  of  dry  saturated  steam ; 
that  is  to  say,  it  is  the  sum  of  the  two  preceding  quantities, 

r  =  p  -^  A  P  ff. 

It  is  the  total  heat  which  disappears  in  the  operation  of 
vaporization  under  constant  pressure,  concerning  which  refer- 
ence has  just  been  made  ;  heat  which  has  become  latent  since 
the  temperature  has  remained  constant  as  well  as  the  pressure. 


JhiiMyX-k  ftaftAd  heat  oi  a  poandof  diy  satonted  Bteua.  - 
~~  '    '  '  l^HbB  haai  of  the  irater  and  the  Utent  heat  of  the 


VxoatiiiBloUoira: 

X  =  q  +  r  =  q+p  +  APv. 

'  Bttn  a  pomtd  of  iratnriB  taken  at  82  degrees,  and  is  exposed 
to  MMtHitpieasim  onder  a  pston  unormtiiig  to  P  pounds  per 
iqwe  feo^aad  if  heat  is  faniiahed  in  meaaorable  qtuntitieat 
'  ftetM^antom  of  the  water,  irill  at  first  inonase  until  t  oorre- 
upootb  to  P.  and  the  piston  will  on];' have  moved  a  Terf  little ; 
lAannidB  the  temperatare  wiU  remaiu  stationsiy  and  the  pis- 
tnaviSriw  imiilall  the  vater  has  become  Bteam.  Inthisoom- 
IMb  opastkni  there  has  hden  expended  a  qmmtity  (A  heat 
yHoA  ii  known  hy  the  name  of  total  heat,  and  is  ordinarily 
dHJgariedhy  the  letter;). 

L  If  BOW  Uie  above  operation  was  oaxried  farther,  the  temper- 
atsMot  the  steam  would  rise  at  the  same  time  that  the  piston 
toBthraed  to  rise,  and  there  would  be  expended  for  each  d^pree 
'tthenma  ai  temperatare  per  poand  of  steam,  a  quantity  of  heat 
f^to  wMoh  &B  name  is  gi-ren  of  speoifio  heat  at  constant  pree- 
Bure.  This  qaantitj  varies  with  the  pressure,  but  in  practical 
applications  no  risk  is  run  of  sensible  error,  if  it  is  made  equal 
to  0.48  thermal  anits  for  steam  gas.  If  A'  is  called  the  total  heat 
of  a  pound  of  superheated  steam  at  t'  degrees,  and  which  would 
be  aatnrated  at  (  degrees, 

r=\  +  0.4S{f-t) (1.) 

5.  Mixtvre  of  aaiurated  loater  and  steam. — In  steam-engines  dry 
and  saturated  steam  may  be  said  never  to  occur.  It  is  nearly 
always  wet  or  mixed  with  water,  and  rarely  superheated.  In 
order  that  a  mixture  of  water  and  steam  may  be  well  defined,  its 
compoaition  or  percentage  of  dryness  must  be  given  in  addition 
to  the  pressure.  To  make  this  matter  more  lucid,  suppose  a 
miiture  of  an  entire  weight  of  M  lbs.,  and  which  contains  ni 
lbs  of  pure  saturated  steam,  and  therefore  M  —  m  lbs.  of  water 
at  the  pressure  p  and  the  temperature  t  given  in  the  tables  as  cor- 
responding.   As  soon  as  p  is  given,  the  tables  give  at  once  all 

the  quantities,  P,  t,  v,  d,  q,  p,  APv,  r,7i.     But  the  ratio  -^,that 
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is  to  say,  the  percentage  of  dryness  which  is  ordinarily 
sented  by  the  letter  x,  is  independent  of  these  quantities,  a 
must  be  one  of  the  experimental  data,  or  else  amongst  the  da 
must  be  the  two  quantities  M  and  m. 

6.  The  name  of  internal  heat  of  a  mixiure  of  saturated  water  a 
steam  is  given  to  the  heat  contained  in  this  mixture  above  th 
contained  in  the  same  weight  of  water  at  32°  F.,  whatever 


be  the  procedure  by  which  the  mixture  has  been  raised  to  i 
actual  condition.     We  will  designate  this  quantity  of  heat  by 
It  is  made  up,  obviously,  of  the  heat  of  the  water,  Mq^  and 
the  external  heat  of  the  steam,  m  p.     Hence  : 

U=Mq  +  mp (2.) 

The  internal  heat  of  M  Ihs,  of  superheated  steam j  occupying  a  vol- 
ume V  cubic  feet  under  a  pressure  of  P  lbs.  to  the  square  foot, 
is  given  by  an  empirical  formula : 

Z7'  =  857i!f +0.003872Pr    •     .    .    .     (3.) 

7.  When  a  mixture  of  water  and  steam  is  acting  in  the  cylinder 
of  a  steam-engine,  if  its  total  weight  remains  constant,  its  com- 
position and  temperature  are  varying  at  each  instant,  and  for  two 
reasons :  there  is  heat  required  for  the  exterior  work,  and  there 
is  heat  transferred  to  and  from  the  metal  Every  theory  which 
does  not  take  account  of  this  last  phenomenon  is  fallacious  and 
useless.  The  practical  theory  which  we  hope  to  present  in  order 
to  show  the  use  of  the  tables  has  been  made  to  take  account  of 
this  action.  It  should  be  remarked,  at  the  outset,  that  the  inter- 
nal heat  of  the  mixture  at  work  in  the  steam  cylinders  must  vary 
at  each  instant,  and  according  to  an  obvious  law.  Under  the 
conditions  existing  after  the  points  of  cut-off  in  an  engine,  the 
mixture  at  the  beginning  contains  Uq  thermal  units,  and  at  the 
end  there  is  only  Ux  thermal  units,  f/i  being  less  than  U^  Thie 
is  because  it  has  given  up  Ta  thermal  units  to  do  the  exterior 
work,  and  R^  thermal  units  to  heat  the  metal  of  the  cylinder. 
There  must,  therefore,  necessarily  exist  the  relation  Uq  —  Ui  =■ 
Ta  +  Ra- 

And  whatever  be  the  elements  designated  by  0  and  1,  the  same 
conditions  will  exist  unless,  during  the  period  considered,  new 
steam  gets  into  the  cylinder,  bringing  additional  thermal  units, 
or  unless  some  steam  leaks  out,  carrying  with  it  certain  ther- 
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®a1  units.    In  these  ca^es  it  will  be  necessary  to  take  account 
^^  the  equation  of  the  units  brought  in  or  removed. 

S.  Pradiccd  theory  of  the  steam-engine, — The  object  of  this  theory 

^^   to  study  the  steam-engine  as  it  is,  that  is  to  say,  to  explain  the 

enomenon  met  with  in  an  engine  trial.    The  general  principles 

11  be  brought  out,  but  there  will  always  be  in  mind  a  single 

t^^^Tiader  engine  rather  than  a  compound. 

9.  Working  Regime. — A  calorimetric  experiment  on  a  steam- 
^xigine  demands  that  it  should  be  running  at  its  regular  rate, 

at  its  velocity  should  be  constant,  that  the  pressure  of  steam, 
e  point  of  cut-off,  of  compression,  the  back  pressure,  the  lead, 
^tc.,  etc,  and,  in  fact,  all  these  quantities  should  be  constant. 
Since  this  ideal  is  impossible  to  attain,  it  should  be  reached  as 
closely  as  possible  and  the  means  calculated,  which  will  be  suf- 
ficiently exact  when  the  length  of  the  test  is  long  enough.     In 
^hat  follows  it  will  be  supposed  that  the  two  strokes  of  the  piston, 
which  constitute  a  revolution,  are  identical  in  all  respects,  so 
that  but  one  stroke  will  be  considered. 

10.  The  perfect  regime  necessarily  presupposes   that   the  steam 
aid  the  metal  are,  at  the  end  of  the  stroke  of  the  piston,  identically  in 
the  same  thermal,  conditions  as  at  the  beginning.      It  follows  that  at 
each  stroke  of  the  piston,  the  sum  of  the  quantities  of  heat  wliich 
the  steam  receives  in  the  cylind3r  is  equal  to  the  sum  of  the 
(juantities  of  heat  which  it  loses  there  ;  and  the  sum  of  the  quan- 
tities of  heat  which  the  metal  receives  is  equal  to  the  sum  of  the 
quantities  of  heat  which  it  loses.     These  fundamental  principles 
are  j^jeneral,  but  the  application  that  we  shall  make   of  them 
has  particular   reference   to  single  cylinder  engines.      Experi- 
ence must  give  the  necessary  figures   to    determine    all   these 
quantities  of  heat  thus  brought  into  the  cylinder  with  the  steam, 
or  carried  off  to  the  condenser  with  the  steam,  those  which  dis- 
appear to   do    the    exterior  work,  those  which    the  metal  has 
extracted  from  the  steam  to  jDass  outside  by  radiation,  or  those 
^'hich  a  jacket  would  have  furnished  to  the  steam  through  the 
Uietal,  the  heat  which  is  found  in  the  steam  remaining  in  the 
cylinder  at  the  moment  where  cut-off  occurs,  and  where  the  com- 
pression begins,  etc.,  etc.     The  calculation  and  plotting  of  the 
figures  given  by  a  trial  have  for  their  end  to  add  the  diagram 
of  exchanges  of  heat  to  the  diagram  of  pressures. 

11.  Here  are  the  data  on  this  subject,  which  experiment  must 
furnish. 
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An  indicator  diagram,  completed  by  marking  on  a  proper  scale 
the  volume  of  the  clearance,  v,  measured  experimentally  on  the 
machine  itself.  The  illustration  hereafter  shows  the  quantities 
which  the  diagram  and  the  special  data  of  the  machine  ought  to 
furnish.     It  is  not  by  accident  that  the  atmospheric  line  has  not 


been  indicated,  since  it  is  only  of  use  to  obtain  the  line  of 
vacuum,  0  X,  which  is  drawn  below  the  iSrst  at  a  distance  which, 
on  the  scale  of  the  diagram,  represents  the  barometric  pressure 
existing  during  the  trial. 

12.  Measures  taken  directly  from  the  machine  have  given  the 
following  volumes,  expressed  in  cubic  feet : 


i\  volume  of  the  clearance  space. 

Fo,      "      occupied  by  the  steam  at  the  point  of  cut-off. 

F;,      "  "  "  "  "       end  of  expansion. 

V,,      "  "  "  "         "  "     exhaust. 

Ts,      "  "  "  "  "  "   the  compression. 


V,, 


(( 


(( 


(( 


u 


(( 


«        (( 


stroke. 


Va  —  ( Fg  —  v)  +  ( To  —  v)  is  the  volume  swept  through  during 
admission. 

Vd  =  y\  —  y^  is  the  volume  swept  through  during  expan- 
sion. 

Vt '--  ( ^4  —  Ti)  +  ( F4  -  Fa)  is  the  volume  swept  through  during 
exhaust. 


I 
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1  Ft  =  f\  —  Vi  is  the  volume  swept  through  during  the  compres- 

Vf=  r,  —  r  is  the  Toliiine  swept  through  during  a  stroke. 

On  the  diagrajD  the  following  pressures  are  measured  in 
\\».  per  square  fout : 

P„  pressure  at  the  eud  of  admission. 

Pi,        "  "  "      expansion. 

Pa  "  "  "      exhaust. 

P^        "  "  "      the  couipreesion, 

OB  well  as  pressure  and  back  pressure  at  any  moment,  bo  as  to 
enable  to  calculate  the  areas  of  the  diagram,  or  ihe  work  corre- 
spondiug  to  these  areas  in  foot  pounds,  reducible  to  thermal 
units  by  dividing  by  772. 

/"u'-area  liBAnb   is  the   wort  in  thermal  units  during  the 
ttlmiasiou  before  the  beginning  of  the  stroke, 

T„'  =  area  bBDdh  ts  the  work  in  thermal  units  during  the 
admission  forward  stroke. 

T^=  Ta"  —  Ta     is   the   work   in   thermal   units   during   the 
ftdmisaion. 

Tj^aia&dDEed    is    the  work  in  thermal   units  daring  the 
eipansion. 

j'','-area  eEFfe  i.s   the   work  in  thermal   units    during  the  ■ 
eibsoHt  before  the  end  of  the  forward  stroke. 

^/'^area  fFCrf  is  the  work   in  thermal  units  during  the 
esLaost,  backward  stroke. 
T,  =  T,' '  —  Tf  is  the  work  in  thermal  units  during  the  exhaust. 
7",  =  area  cCAa&  is  the  work  in  thermal  uuits  during  the  com- 
pression, 

Ty  =  area  bliJJEF/b  ^  T„  4-  T^  -h  T;  is  the  work  in  ther- 
mal units  during  the  forward  stroke. 

y.  =  ATf^afFCABbf  =  2","  +  T,  +  TJ'  is  the  work  in  ther- 
mal tmits  during  the  backward  stroke. 

T!=Tj-  T„  =  ABDEFCA  is  the  indicated  work  in  thermal 
units  corresponding  to  a  stroke  of  the  piston. 

13.  Note :  The  steam  has  done  a  work  which  is  not  indicated 
on  the  diagram  ;  it  is  that  which  is  represented  bj  the  area 
(i'4/rta  and  which  is  necessary  to  accomplish  the  compression 
of  the  steam  in  the  clearance  in  order  to  give  it  a  pressure 
eqnal  to  that  of  the  steam  coming  in  the  cylinder.  Because  the 
magnitude  of  this  work  is  not  known,  it  will  be  counted  in  the 
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heat  exchanged  between  the  steam  and   the  metal  during  the 
admission. 

14.  There  is  another  thing  upon  which  an  uncertainty  exists, 
and  that  is  the  composition  of  the  mixture  of  steam  and  water 
which  remains  within  the  cylinder  at  the  moment  when  exhaust 
ceases  and  compression  begins.  M.  Him  has  triumphantly 
shown  that  in  his  experiments  and  in  general  it  must  bo  sup- 
posed that  at  this  instant  the  mixture  contains  nothing  but 
steam  dry  and  pure,  all  the  water  which  covered  the  walls 
having  been  vaporized  and  expelled  into  the  condenser  during 
the  exhaust.  This  will  be  admitted,  and  thence  our  calculation 
can  ascertain  the  weight  Mc  lbs.  of  steam  acting  during  the 
compression.  In  fact  the  volume  V^  of  steam  in  cubic  feet  can 
be  ascertained  from  the  d'a^jram,  and  its  pressure  Pj  at  this 
instant.  From  the  tables  the  value  of  d^  is  deduced  which  is  the 
weight  in  pounds  per  cubic  foot,  and  the  expression  will  follow : 

M,=  V,6, (4) 

15.  Experiment  must  further  give  the  following  data:  the 
weight  Ma  pounds  of  steam  which  passes  into  the  cylinder  at  each 
stroke  of  the  piston  and  its  degree  of  dryness  x  or  the  weight  m 
of  pure  steam  which  is  contained  therein  as  well  as  the  boiler 
pressure.  This  datum  will  serve  to  calculate  the  heat  which 
the  steam  brings  with  it  for  each  stroke  of  the  piston  in  the 
cylinder.  It  will  be  called  Q  thermal  units.  From  what  pre- 
cedes, its  value  will  be 

Q  =  7n\-^  {3I-m)q (5) 

In  this  expression  A.  and  q  are  given  by  the  tables  at  the  line 
which  corresponds  to  the  pressure  of  steam  in  the  boiler. 

16.  During  the  expansion,  the  weight  of  the  mixture  in  action 
in  the  cylinder  is,  therefore, 

and  during  the  compression,  3fc, 

Hence  if  tlie  steam  is  saturated  its  internal  heat  will  be  as 
follows  :  during  the  expansion 

U  =  {Ma  -¥  3Qq  +  mp (6) 

During  the  compression 

U  —  Mcq  +  m  p. 
If  the  steam  is  superheated  make  use  of  formula  3. 
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17.  If  there  is  a  steam  jacket  the  water  which  comes  from  the 
eo&dQiMtation  is  weighed  after  it  has  been  cooled,  and  its  weight 
win  be  nscertaiued  per  stroke  of  piston.  Let  it  be  called  Mj  lbs. 
Ttua  steam  19  condensed  under  the  mean  pressure  of  the  boiler, 
which  is  &acertiuoed  by  trial  and  by  calculation.  For  each  pound 
tiie  jacket  will  have  farnished  r  thermal  units  given  in  the  table 
opposite  the  pressure.  The  jacket  has  then  furnished  Q  thermal 
tnutSi&iid 

Q=ilir (7) 

If  the  jacket  is  filled  up  with  anything  other  than  steam,  the 
heat  brought  in  will  be  evaluated  in  an  appropriate  manner  per 
pi*tfi]i  stroke,  and  will  still  be  called  Q'. 

IK  Part  of  the  heat  brought  in  by  the  jacket  will  have 
p*wtrated  through  the  metal  and  reached  the  steam  ;  another 
p»rt  wUl  have  gone  outside  and  is  lost  by  radiation.  The  radia- 
tion |wr  piston  stroke  should  be  evaluated  experimentally.  For 
«Muiplt> :  introducing  steam  into  the  jacket,  or,  if  there  is  no 
jaclf  t,  into  the  cylinder  while  the  machine  is  at  rest,  and  keeping 
it  there  during  a  sufficient  interval,  knowing  afterwards  the  dur- 
ation of  a  piston  stroke  during  the  trial  which  is  studied,  the 
(jnanlity  of  heat  lost  by  radiation  can  be  deduced  therefrom  for 
each  stroke.     It  will  be  called  E  thermal  units. 

19.  When  the  engine  is  condensing,  the  weight  of  water  is 
neasnred  which  leaves  the  condenser,  and  from  this  is  deduced 
the  weight  of  cold  water  J/,  lbs.  which  has  been  introduced  into 
the  condenser  for  each  stroke.  Its  initial  temperature  t,  is 
measured  and  its  final  temperature  Ij.  The  tabks  give  the  heats 
of  the  watery,  and  j/ which  correspond.  Hence  the  heat  rejected 
per  piston  stroke  by  the  cold  water  is  ascertained  C  thermal 
Doits  by  means  of  the  eqnatioD 

C=iC  (?/-?.)■ (8) 

30.  Finally  in  the  condenser  is  the  weight  M^  lbs.  of  water 
which  comes  from  the  condensed  steam  and  which  is  at  the 
temperature  tf  if  the  condensation  is  effectuated  by  injection, 
and  at  the  temperature  t/  if  by  a  surface  condenser.  It  fol- 
lows that  a  second  part  of  the  heat  rejected  into  the  condenser, 
which  may  be  called  c  thermal  units,  will  be  determined  by  one 
fA  these  two  formube, 

c  =  Jffl  3>  or  c  =  -3/a  3/ (9^ 


84  TABLE  OF  THE  PROPERTIES  OF  STEAM. 

The  heat  rejected  in  the  condenser  will  be  the  sum  or 

(C  +  c) (10) 

When  there  is  no  condensation  of  the  steam  this  heat  rejected 
in  the  atmosphere  cannot  be  evaluated  direct,  but  'the  same 
name  will  be  kept  for  it  and  the  same  notation. 

21.  From  what  precedes,  the  vapor  which  works  in  the  cylin- 
der carries  there  Q  thermal  units  at  each  piston  stroke.  It 
receives  from  the  jacket  Q'  —  E  thermal  units.  It  loses  T  ther- 
mal units  to  overcome  the  exterior  work,  and  it  carries  with 
itself  into  the  condenser  (C  +  c)  thermal  units.  As  tho  regime 
is  reached  the  sum  of  all  these  quantities  of  heat  is  zero.  (See 
paragraph  No.  10.) 

Hence  follows  the  first  fundamental  equation  of  the  practical 
theory: 

Q+Q'-E-T-(C-hc)=o 
or 

Q+Q'=T^{C  +  c)-hE. (I) 

When  there  is  condensation  all  the  quantities  which  enter  into 
this  equation  are  given  experimentally.  This  equation  can  only 
serve  in  this  case  as  a  check.  If  the  second  number  should  differ 
too  much  from  the  first  it  would  mean  that  the  trial  had  been 
badly  conducted.  Without  condensation  this  equation  can 
serve  to  determine  the  value  of  the  rejected  heat  (C+c),  but 
the  means  of  checking  is  not  direct. 

22.  Because  the  engine  is  in  working  re<j!me  the  metallic  walls 
of  the  cylinder  reach  always  the  same  temperature  at  the  end 
of  the  cycle  that  they  had  at  the  beginning.  The  conclusion  is 
that  the  sum  of  the  quantities  of  heat  received  and  given  out  by 
the  metal  at  each  stroke  is  equal  to  zero.  The  quantities  of 
heat  received  or  given  up  by  the  metal,  or,  in  other  words,  ex- 
changed between  the  metal  and  the  steam,  will  be  designated  in 
a  general  way  by  the  letter  B  when  they  are  expressed  in 
thermal  units.  The  subscript  indicates  the  phase  during  which 
the  exchange  is  measured.     Hence: 

Ba  thermal  units  is  the  quantity  of  heat  exchanged  between 
the  metal  and  the  steam  during  admission. 

Ba  thermal  units  is  the  quantity  of  heat  exchanged  between 
the  metal  and  the  steam  during  expansion. 
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H,  tljennal  units  is  tlie  quantity  of  Leat  exchanged  between 

the  metal  and  the  steam  during  exliaust. 
H,  thermal  units  is  the  quantity  of  heat  exchanged  between 

the  metal  and  the  steam  during  compreaBion. 
K„  Itj,  It^  will  have  positive  sisn  when  the  heat  pasBeH  from 
the  steam  to  the  metal.     fl„  on  the  other  hand,  is  positive  when 
lli<;  heat  passes  from  the  metal  to  the  steam. 

In  general,  B^  and  fi„  are  positive,  and  li^  is  negative  ;  that  is 

to  say,  that,  generally,  the  steam  warms  the  metal  during  the 

oompreBsion  and  aclmission,  and  the  metal  gives  up  its  heat  to 

ttie  steam  during  the  expansion ;  but,  with  a  gas  flame  jacket,  it 

I  kaB  olrea^ly  been  found  that  the  metal  received  from  outside 

anffinent  qnantity  of  heat  to  superheat  the  steam  even  during 

Ladmiiiston.   Whatever  it  may  be,  the  exchange  which  takes  place 

while  the  cylinder  has  no  communication  with  the  condenser 

win  be  called  Rf.    It  follows  from  this  definition  that — 

Rf^Ii,  +  S„  +  R^, (11.) 

The  entire  exchange  for  one  stroke  of  the  piston  can  be  called 
B  vitbout  exponent,  and,^t  here  fore, — 

E  =  R^-It,  =  R,  +  R„  +  Ii^-B„.     .     .    (12.) 

This  total  exchange  would  be  zero  if  there  were  no  heat  to 
the  amonnt  denoted  by  E,  which  passes  through  the  metal,  and 
is  lost  by  radiation  outside  in  the  cases  when  the  machines 
were  jacketed.  For  these  latter,  necessarily,  R  =  E.  When  the 
jacket  furnishes  Q'  thermal  units  as  a  total,  there  will  go  E  out- 
wards and  —  R  inwards  ;  whence,  Q'  —  E  -i-  {—  R). 

The  second  foudamental  equation  of  the  practical  theory  can 
then  be  written  as  follows : 

R  =  E -  Q\  OT  R^+  Q  =  E  +  Rr, 
or,  again, — 

B,  +  R^  +  R^=R,  +  {E-Q),    .    .    .    (II.) 

23.  The  quantities  which  are  designated  by  these  initial  let- 
ters R  are  not  given  directly  by  experiment ;  they  must  be  cal- 
culated, which  requires  four  new  equations,  in  which  Rf,  Rg,  Ra, 
R,  will  be  the  unknown  quantities.  For  the  equations  concerning 
the  expansion  and  the  compression  they  are  easy  to  write,  since 
the  weight  of  fluid  in  action  is  constant    The  fluid  is  enclosed 
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in  the  cylinder,  and  cannot  receive  thermal  units,  except  from 
the  metal,  or  give  them  out,  except  to  the  metaL  As  we  have 
seen  in  equation  No.  7,  where  Uo  and  U^  represent  the  internal 
heat  of  the  steam  at  the  commencement  and  at  the  end  of  ex- 
pansion, we  shall  have 

Similarly,  the  internal  heat  of  the  fluid  at  the  commencement 
of  compression  was  Uc^.  The  heat  Tc  resulting  from  the  work  of 
compression  is  added  to  this,  and  this  sum  ought  to  preserve  for 
the  steam  the  heat  denoted  by  U^^  and  also  to  give  Re  thermal 
units  to  the  metal ;  whence, 

[/,+  Te=Us  +  Re. 

In  the  matter  of  the  periods  of  admission  and  exhaust,  the 
problem  is  complicated  by  the  fact  that  the  steam,  in  coming  into 
the  cylinder,  carries  thither  thermal  units  to  the  amount  Q^  and, 
in  leaving  the  cylinder,  it  carries  out  (C  +  c)  thermal  units,  to 
drop  them  into  the  condenser,  or  dissipate  them  in  the  outer  air. 
From  whence  we  draw  the  conclusion  that  for  the  admission 

and  for  the  exhaust, 

These  last  four  equations  can  be  written  as  follows,  and  adding 
to  them  the  preceding  ones,  we  have 

Q    +Q'  =T  +{C  +  c)  +  E    .     ...     (I.) 

Re+Ra^Ra-Re  =  R=E--Q'        .      .       (H.) 
Ea=Us4.Q    -    Uo-Ta  (ITL) 

Ra=U,-U,-T^ (IV.) 

R.^U,-^  (C  +  c)-lh-  T,   .    .    .    .    (V.) 
Rc^U,-Lh  +  Te (VI.) 

24  In  connection  with  Ra,  the  remark  should  be  made  that  its 
quantity  does  not  represent  solely  the  exchange  of  heat  between 
the  vapor  and  the  metal.  There  is  heat  given  out  by  the  steam 
to  compress  that  which  under  low  pressure  filled  the  waste 
spaces  at  the  end  of  the  exhaust.  This  heat,  which  is  not  shown 
by  the  indicator,  is,  according  to  these  equations,  an  integrant 
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part  of  tbat  wliich  we  have  called  Ita-  In  reference  to  U,  it 
aStonld  be  remembered  that  it  has  been  obtained  by  the  hy- 
pothesis that  at  the  commencement  of  compression  there  ia  only 
in  the  cylinder  steam  which  ia  dry  and  saturated. 

i5.  The  object  of  the  calculations  in  our  theory  is  to  obtain 
the  values  of  Rg,  Rg,  R„,  R„  Rf,  and  to  represent  these  valucB 
graphically.  For  this  purpose  the  same  scale  is  adopted  for  the 
exchange  of  heat  as  for  the  diagrams  of  pressure,  and  in  the  fol- 
lowing manner  :  Tg  represents  a  certain  number  of  thermal  units 
lost  by  the  steam  while  the  piston  is  generating  the  volume  Va 
cubic  feet  In  like  manner  flg  represents  the  thermal  units  lost  by 
the  steam  while  the  piston  sweeps  through  the  same  volume, 
Tiie  vulue  of  Tg  is  represented  on  the  diagram  by  a  surface  whose 
lenglli,  representing  (■'„  ia  the  base.  If  the  pressure  during  ad- 
I  mission  was  constant  and  equal  to  pa,  this  diagram  would  be  a  hor- 
I        iwnUlline  at  the  height  which  ia  repi'eaentedbypu.  and  the  area 

^    would  be  rectangular  and  equal  to  -pa 'a-     If  Pa  '8  counted  in 
ponudsper  square  foot,  then^a^a=  772  ^o; 


Similarly  a  height  Va  can  be  calculated  such  that 
rj',  =  1T2R„. 


whence 

also,  in  like  manner, 


_  772^a 

v..   ' 


-TIM.' 


26.  If  the  exchanges  are  positive,  that  is  to  say,  if  it  is  the 
steam  which  fomisheB  heat  to  the  metal,  the  ordinates  r  will  be 
carried  above  the  axis  in  the  forward  stroke,  and  below  in  the 
backward  stroke.  If  the  exchanges  are  negative,  that  ia  to  aay,  if 
it  is  the  metal  which  famishes  heat  to  the  steam,  the  ordinates  r 
are  carried  b«low  the  axis  for  forward  stroke,  and  above  it  for  the 
backward.  In  a  trial,  of  which  mention  will  be  made  hereafter, 
Ra  has  been  fonnd  positive ;  Ra  negative  ;  R,  negative  ;  and  Re 
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positive.     Then  the  diagram  of  exchanges  will  hare  the  form 
shown  in  Figure  4 : 


The  area  aKLABda  represents  R„, 

"       "     dCDed  "  H^, 

"       "     eEFGHce  "  R„ 

"       "     cLJac  "  H^ 

27.  The   positive   exchange   is    represented    by    the   surface 

covered  with  hatchings  from  left  to  right.    The  negative  transfer 

is  represented  by  the  surface  with  hatchings  through  right  to 

left     The  difference  of  these   two   surfaces  thus  distinguished 

would  be  zero  if  there  were  no  heat  lost  by  external  radiation  or 

received  from  a  jacket.     In  the  example  hereabove  there  was  a 

loss.     On  the  preceding  diagram  we  have  added  a  straight  line 

AfN,  drawn  in  alternate  dots  aijd  lines  at  a  height  such  that  the 

surface  OMNfO  represents  lij^  =  B^  +  Ii„  +1}^.     This  is  the  loss 

due  to  the  action  of  the  walls.     The  straight  line  PQ  is  at  such 

a  height  that,  at  the  same  scale,  the  surface  OPQfO,  of  which 

the  contour  is  e<lged  by  hatchings,  represents  the  positive  work 

Tf  of  the  pressure  of  the  steam. 

In  order  to  institute  a  comparison  of  all  engines  among  each 
other  of  whatsoever  dimensions  or  mode  of  action,  we  refer  all 
the  quantities  to  one  pound  of  steam  employed.  "We  will 
show  the  method  bj-  treating  an  example. 
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APPLICATION   L                                                                   ^M 

as.   The  dimenaioua  taken  directly  from  the  machine  give  the        ^M 

following  Tolnmcs  expressed  in  cnbio  feet ;                                               ^H 

]                          1)   =    0.1766 

and  therefore :                           ^1 

^m           r,  =  2.8183 

r.  =    2.6417                     ^1 

^m         r,  =  17.3051 

V.  =  144868                       ^1 

^T               r,  =    1.4127 

r,  =    15.8914:                                 ^1 

1                       r,=    0.1766 

r,  =    1.2361                         H 

F,  =  17.3061 

l>  =  17.1285                        ■ 

Then    the  meaanrea  taken 

on  the   mean   diaOTam  give     the        ^| 

pK'jisnres  in  pounds  per  square  foot  and  the  work  in  thermal        ^| 

nnits; 

^M 

Pouoils  per  square  tof't- 

Theniiit]  Units.                                ^H 

P.  =  7858 

T,-=    0                               ■ 

P,  = 1176 

T,'  =  29.76                        ■ 

^1                   P,  =    340 

T.  =  29.76                       ^1 

^M                 P,  =  1270 

T,  =  6437                       ^1 

t;  =   0              ^^^B 

^^^>r,'=              ^^^H 

^^^  7,                         ^i^H 

r,  =  0.91 

Tj  =  84.13 
r„  =  9.64 
r  =74,49 

The  other  data  from  experiment  are  the  weight  of  wet  steam 
delivered  from  the  boiler,  M^  =  0.5807   lbs. 

The  weight  of  pure  steam  which  it  con- 
tains, m  =  0.5741     " 

And  the  weight  of  water  in  it,  M—m  =  0.0066    " 

The  mean  preBSure  in  the  boiler,  P  —  10180      "  sq.ft. 

The  tables  give  for  this  pressure,  the 
total  heat  of  the  steam  per  lb.,  A  =  1174  47     t.  n. 

The  heat  of  the  water  per  lb.,  ?  =  274.05      "  " 

The  heat  carried  to  the  cylinder  is  calculated  by  the  formula 
Q  =  M\  +  {Ma-m)q (5) 

:  674.26  +  1.8L  Q  =  676.07. 


which  gives 

0 
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Other  data. 
Weight  of  cold  water  of  condensation  per 

stroke,  Jf,  =    19.6502  lbs. 

Initial  heat  of  this  water  per  lb.,  '?i  =    29.70  t-  u. 
Final  heat  of  this  water  after  condensation 

per  lb.,  qf=    58.05    " 

By  calculation  C  =  Af,  {q^  -  g<),  C  =  557.08, 

c  =  MaQ/i  c=    33.71, 


C+c  =  590.79  t  u. 
The  exterior  radiation  per  stroke,  E  =      7.94    " 

29.  To  verify  the  trial  by  equation  (I). 

T=    7449  0  =  676.07 

(C+c)  =  590.79  678.22 

E=     7.94  The  error     2.85 


Total     673.22  which  is  0.42  per  cent, 

a  very  close  approximation. 

To  calculate  the  weight  of  steam  which  remains  in  the  clear- 
ance when  the  exhaust  is  just  closed,  the  data  will  be 

Fg  =  1.4127  cubic  feet,  and  P^  =  340  lbs.  per  square  foot 

From  the  tables  the  weight  of  a  cubic  foot  is  deduced : 

(^2  =  0.00675  lbs. 
whence 

m2  =  Tg  (^2  =^c  =    0.0095  lbs. 

Whence  the  weight  of  fluid  in  action  during  expansion 

(J/„  +  iQ  =  0.5902. 

Tlie  weight  of  fluid  in  action  during  compression 

J/e  =  0.0095  lbs. 

30.  The  following  calculations  are  made  by  means  of  the 
tables  in  order  to  determine  the  values  of  internal  heat  of  the 
fluid,  which  we  have  called  respectively  ?7o,  Ui,  U^,  U^. 

F.  =:  17.8051 

Pi  =  1175 

5|  =  0.03180 

Qi  =  152.35 

p,  =  915  85 

Wi  —  0.3773 

t»,Pi  =  845.55 

(if. +  if05'i=  89. »2 

Ui  =  435  47 


Data 

Data 

Qivfn  by  the  table.-* 

Given  by  the  tuble.s 

(^iven  by  tbe  tables. , 

Calculated 

Calculated , 

Calculated iMa  +  Mc)qx  =     151.47 

Calculated \  Uo  =     457.43 


Vo  =  2.8183 

Po  =  7858 

f>o  =  0.18009 

=  250.64 

fto  =  834.58 

mo  =  0.3666 

maPo  =  305.96 
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D»U 

l>iW 

QWev  b;  ihe  tables . . . 
Qnmbj  the  tables. . 

QiTOTibjilie  tables.,, 

C»lcal,ied. 

C»Vnl»irf 

t^lculiMd 

CilcuLwil 


1.41S7 

r. 

-    0.17B6 

340 

p. 

1370 

1  (KKIT6 

s. 

=  0.02845 

100.48 

-     155.95 

B56  B8 

=    818.08 

0.00B5 

-     0.0041 

O.OU 

=        3.74 

0.95 

M',i. 

1-48 

10.04 

5.22 

31.  The  calculation  of  the  exchaoges  denoted  by  Ji  are  made 
a(M,^rding  to  the  formulas  (UL),  (IV.),  (V.),  and  (VL),  by  meana 
of  the  preceding  data. 

7?.  =  5.22  +  676.07  -  457.43  -  29.76.  R,  =  194.10. 

J(.  =  457.43  -  435.47  -  54.37.  i?„  =  -  32.41. 

fl,  =  10.04  +  590.7'.)  -  435.47  -  &.73.  R.  =  156.63. 

n,  =  10.04  -  5.22  +  0.91.  R,  =  5.73. 
Whencft, 

ifr=i?,  +  Ii,  +  R,  =  5.73  +  194.10  -  32.41.  Bj^^  167.42. 
S,  +  E=15GM  +  7.94  =  16457  =  .»/- 2.85. 

32,  It  IB  apparent  that  the  percentage  of  ateam  in  the  mixture, 
whicti  was  X  =  -_■(■.-  =  0.989  before  entering  the  cylinder,,  has 

n.3666 


fallen  to  a-a  =  ? 


0.621  at  the  end  of  admission.   During  the 
0.3773 


-  =  0.639.     There  was. 


"  0.5902 
eipaDsion  this  value  rises  to  a-,  _  t^^ 
therefore,  an  evaporation  of  0  0107  lbs. 

At  the  beginning  of  the  compression  the  steam  is  sup- 
posed tobedrya^  =  landmj  =  0.0095.    At  the  end  nij  =  0.0041 

00041 
and  Xi  =    '^^    =  0.432.     Hence  the  effect  of  compression  has 

been  a  condensation  of  0.0054  tbs. 

33.  With  a  view  of  comparing  the  diagrams  of  steam-pressure 
and  pressure  equivalent  to  the  heat  exchange  for  all  engines,  all 
heat  qnantities  are  referred  to  a  well  defined  unit,  namely, 
1179.12  thermal  units,  the  total  heat  of  1  lb.  of  steam  at  6  atmos- 
pheres, or  88.2  lbs.  per  sq.  inch,  which  is  about  an  averse  of 
the  pressures  used.  The  total  heat  used  per  stroke,  divided  by 
the  total  heat  of  one  pound  of  steam,  is  termed  the  loetgkt  of  ateam 
reaUy  expended.     We  denote  it  by  ?r  lbs. 

=  o±o:  „,  _g_ 

1179.12'       1179.12 


Tken 
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according  as  the  jacket  has  furnished  Q'  thermal  units  or  has 
been  out  of  action. 

Now  to  trace  the  diagrams  let  a  constant  base  be  taken  two 
inches  in  length  (or  50  millimetres  in  metric  units)  which  repre- 
sents the  volume  which  has  been  called  Vj^  that  is  to  say,  the 
volume  swept  through  by  the  piston  in  one  stroke.     The  quan- 

tities  of  heat-    or  — ,  considered  during  the  time  that  the  piston 

is  generating  this  volume  V  can  be  expressed  in  lbs.  per  sq.  ft 

per  lb.  by  the  expressions 

772  T      ^  772  5 
— w  *^d  Tf- 

n.V  TT.  V 

But  to  bring  them  to  the  same  units  for  all  engines,  the  divi- 

V 
sion  must  be  made  not  by  F,  but  by  the  ratio  -j^  ,  which  is  the 

same  thing  as  multiplying  the  preceding  expressions  by  T^ 
The  ordinates  of  the  diagrams  will  be  then  proportional  to  the 
values  of  the  expressions 

772  T^^  ,         772  i?  ^ 
j^  \f        and         -    t/"  ^f 

Nothing  prevents  the  representation  of  these  quantities  at  an 
agreed  scale.  A  suitable  one  is  one  millimetre  for  10,000 
units.  In  the  example  which  has  been  treated  there  will  result 
successively, 

Q  =  676.07  7t  =  ^^  =  0.5734 

779   T  772  /? 

^'^-±?  Tv  =  259,794  '-^^^  T}  =  1,694,420. 

^^^^  Vf  =    86,550  -  ^.^  P>  =  -  51,592. 

TI^l'.Yf^    12,668  ^^^^  T;  =' 227,282.  • 

'^'^-, J?  Vf  =    16,977  —5-  Vr  =     106,901. 

779    T  779    P 

--,;-^  T>  =  112,113  --^f^F;=     223,106. 

Tt    Vf        -^  7T   Vf        ^ 
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34.  The  diagram.  Fig.  I ,  liereafter,  has  been  drawn  from  these 
data. 

The  height  ol  the  rectangle  whose  area  represents  Ra  is  169.4 
millimetrefl. 

The  height  of  the  rectangle  whose  area  rppresents  7?j  is  5.2 
millimetrefl. 

The  height  of  the  rectangle  whose  area  represents  R^  is  22.7 
toillimetrefi. 

Tha  height  of  the  rectangle  whose  area  represents  R'  is  10,7 
millimetres. 

The  height  of  the  rectangle  whose  area  represents  Rj  is  22.3 
millimetres. 

For  the  diagram  representing  the  work  Tg,  T^,  etc,  the  form 
(i^veii  \ij  the  indicator  iti^elf  is  I'etaiued  as  much  as  possible, 
and  indoed  attention  is  called  to  the  following  method  of  getting 
the  ordinates  which  correspond  to  a  given  pressiire.     In  the 

772  T  772  T 

eipreasi       - — =^  V^  the  factor  —  i—  represents  lbs.  per  sq.  ft 

Hence  it  is  apparent  that  it  is  enough  to  multiply  the  pressure 

V  71 

espressed  in  lbs.  per  8q.  ft.  by  — -  ,  or  to  di\'ide  by  ^,  to  obtain 

(ie  Aeif;ht  of  the  ordinate  which  will  represent  it  at  the  desired 
Bcale  for  the  diagram.  For  example,  the  pressure  at  the  com- 
mencement of  expansion  was  7,852  lbs.  per  sq.  ft.,  and  at  the  end 

of  espansion  it  was  1,175  lbs.  per  sq.  ft.     The  ratio -^  ~  Trkr^j" 

=  29.872.  Hence,  to  represent  the  pressure  at  the  beginning 
we  should  have  234,555  lbs.  per  sq.  ft,,  and  at  the  end,  35,100 
lbs.  per  aq.  ft,  which  would  be  in  millimetres  in  height,  23,5 
and  3.5.     The   mean  heights   representing   the   works   are  as 

follows : 

Ta,  26.0  millimetres. 

Ti,  8.7 

T„  1.3 

r„  1.7 

T^  11.2 

35.  Ao/f.— The  preceding  figures  may  be  translated  imme- 
diately in  metric  measures  by  multiplying  them  by  the  co-efficient 
0.305,  so  that  the  quantities  in  kilogrammes  per  square  metre 
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per  kilogramme  after  multiplication  by  Vf  cubic  metres  become 
as  follows : 

B„,  516798  Ta,  79237  Po,  234734 

jBrf,    15736  7^^,26398  P^    35100 

Re,    69321  Te,    3864  P2,    10156 

lie,    32605  Te,    5178  P,,    37937 

^/,    68047  7>,  34194 

Hence  it  appears  that  if  a  study  of  a  trial  has  been  made  in 
metric  measures,  to  obtain  a  diagram  which  can  be  superposed 
on  that  which  would  have  resulted  had  the  calculations  been 
made  in  English  measures,  it  will  be  enough  to  represent  3050 
units  in  metric  measures  by  one  millimetre  of  height. 

Application  IL 

36.  The  dimensions  taken  directly  from  the  machine  are 
in  cubic  feet. 

V  =  0.0457 

Fo  =  0.2879  Va  =  0.2422 

Fi=  0.4197  F^  =  0.1318 

F2  =  0.1298  F,  =  0.4373 

Fa  =  0.0517  Fe  =  0.0781 

F4  =  0.4934  T>  =  0.4477 

The  measurements  on  the  indicator  diagram  have  given : 

Po  =  3370  lbs.  per  sq.  f.  T'a  =  0.0187  th.  un.  T,  =  0.1833  th.  un. 

Pi  =  2448  "  Ta  =  1.2290     "  T'e  =  0.4071     " 

P2=    886  "  Ta  =1.2103     "  T,  =0.2238     " 

Pa  =  2246  "  Ta  =0.4683     "  T^  =0.1413     « 


whence         2>  =  1.8806,  T^  =  0.5671,  T  =  1.3135. 

Experience  would  add  the  following  data  :  the  weight  of  steam 
used  at  each  piston  stroke,  J/^  =  0.020  lbs.  This  steam  is  dry 
and  at  the  pressure  of  the  boiler,  8064  lbs.  per  sq.  ft.  The  exter- 
nal radiation  is  E  =  0.5  thermal  units. 

37.  The  water  of  condensation  was  not  measured,  nor  its  tem- 
perature before  and  after  condensation.  Hence  the  verification 
pointed  out  by  equation  (I.)  cannot  be  made,  since  the  quantity 
((7+  c)  is  not  known.  Similarly  the  equation  (F.)  cannot  give 
the  value  of  B^. 

In  this  case  we  use  another  method,  necessary,  moreover,  when 
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there  is  no  condenBution.  This  method  is  based  on  the  hypothe- 
sis that  tlie  heat  furnished  by  the  ■walls  during  exhaust,  or  R„  is 
entirely  used  in  evaporating  the  water  mixed  with  the  steam 
at  the  moment  when  exhaust  began.  If,  then,  J/^  is  the  weight 
ol  steam  coming  from  the  boiler,  J/^  the  weight  of  steam  remain- 
ing in  the  cylinder  when  the  exhaust  ceases,  and  «*,  the  weight 
of  pure  steam  contained  iu  the  mixture  at  the  moment  where 
exhaust  begins,  the  weight  of  hot  water  present  in  the  mixture 
at  this  moment  will  be 

(J/„  +  J7"„  -  m.). 

The  internal  heat  necessary  to  vaporize  this  water  at  the 
pressure  P,  is  what  we  have  called  p,,  and  calling  li^  the  value 
of  R„  calculated  according  to  the  hypothesis  of  the  author,  the 
ralue  results : 

i?l  =  (J/,  T  J/,  -  »«,)  p,        ....       (VII.) 

The  value  of  (C  +  c)  is  deducted  from  the  equation  ( V)  by 
replacing  Ui  by  its  value  (i/"o  +  Mg)  qi  +  m,/3,.  This  value  will 
be  designated  by  (Ci  4-  a). 

\f,  +  cj  =  ^,  +  {7,  -  ?/,  +  T„ 

(C.  +r)=M^  {q,  +  ft)  +  if,  [{q.  +  p,)  -  (q,  +  ft)]  +  TV  (Vm.) 

The  value  of  (C^  -|-  r^)  can  be  determined  and  introduced  in  the 
equation  L  when  experiment  has  given  what  is  necessary  to  cal- 
culate the  qoantities  which  are  found  in  the  second  member  of 
the  equation  VllL     Here  are  the  calculations : 

[  M^  =  my  =  FA;  and  P,  =  886. 

The  tables  give 

e,  =  0.01670 ;  moreover  F,  =  0.1298, 
then 

ife  =  0.00217 ; 
and  moreover, 

ff,  =  139.63  ;  A  =  925.85 ; 
whence 

g,  +  fy  =  1065.4a 
Beoaase 

P.  =  2448, 


■ 
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it  is  found  in  the  tables, 

q,  =  188.41 ;  a  =  887.63  ; 

whence 

gi  4-  Pi  =  1076.04 

Whence  we  find  successively 

Ma  {qi  +  Pi)  =  21.5208, 

K  [(?!  +  Pi)  -  fe+  A) J  =  0.0229. 

From  experience, 

Te  =  0.2238. 
Whence  (VIIL): 

{Ci  +  c)  =  21.5208  +  0.0229  4-  0.2238  =  21.7675. 

Now,  to  make  the  verification  indicated  by  the  equation  (I),  Q 
must  be  calculated,  or  since  the  steam  is  dry  when  it  comes 
from  tlie  boiler,  Q  •—  Ma^»  The  pressure  being  8.064  lbs.  per 
sq.  ft.,  the  tables  give  A.  =  1169.80  and  consequently 

Q  =  Ma^  =  0.02  X  1169.80  =  23,3960. 

Among  the  data  we  have 

T=    1.3135, 
E=    0.5000; 
Adding  to  it 

{C,  +  c)  =  21.5208, 
we  shall  have 

{Ci  +  c)-i-  T+  ^=23,3343. 

The  difference  between  this  and  Q  is  0.0623,  or  about  J  per 
cent. 
From  what  has  immediately  preceded  we  can  deduce  Ui  and  Z7j, 

Z7i  =  {Ma  +  M,)  q,  +  miPi  =  0.02217  x  188,41  +  m^  x  887.63. 

and  m,  =  V,d,  =  0,4197  x  0.04352  =  0.01827, 

whence  l\  =  4.1770  +  16,2170  =  20.3940. 

But  Ui  =  il/c  (72  +  a)  =  2,3121, 

Let  us  now  compute  Uq  and  U^-   Since  Py  =  3370,  the  tables  give 

So  =  0.05877,     qo  =  205.62,     po  =  87420. 

whence  rno=  70(^0  =  0.01692, 

Uo  =^  (Ma  +  J/e)  qo  +  mo  Po  =  4.5586  +  14,7915  =  19.3501, 


rov  BOUK 


D7 


The  tabled  give  for  P(  =  8246: 

d,  3O.0«[IU,«,=:18S,M,fit=8l)U9:>iid  F.=  0.0517 
whence  m,  -  F,  4,=  a009l)7;  it  foUowB  that  ibe  Bteam  is  wet 
>  it  cotitlin  0.00907  d  ■teun  >iid  aOOOlO  of  wnier.  Henoe 
we  hare 

(', '  jr. «  +  ■•.  A  =  aa»i  +  i.8iie  -  a.s4S7. 

Finallr,  computing  the  nines  of 'tKe  ezehanges  of  best  B, 
B.JV,+  g-U,-T.=  5.0788, 
Ji,  =  U,-  U,~T.=  - 1.6182, 
4.=  R  +  (0  +  c)-C,-r,i  aiOBl, 
R.^U,-ir,  +  T,=  fta097, 
whence  ^=       8.7768. 

Tracing  now  tile  disgnun  of  exohaaigefl^  we  will  6nt  eoof- 
pnte  ! 

98,8960     .„„.,„ 

a  wsderintiie  prodni 


772  r             772  S 

r,. 

eb  give  finally 

the  figures  in  tbe  following 

table 

».     366,299 

r.     87,044 

i". 

76,038 

B.     199,3M 

T,     61,891 

P, 

66,235 

B,     128,066 

r,        8,914 

P, 

19,991 

R,       46,770 

T,      31,614 

P, 

60,677 

B,     146,945 

T/      73,169 

The  dia{i;ram  (Fig.  2)  is  traced  from  these  fignres.  It  appears 
that  it  differs  in  a  striking  manner  from  diagram  Fig.  1.  In- 
deed, the  ahsolute  work  per  poand  of  steam  is  in  the  first  case 
represented  by  112,113,  and  in  the  second  by  78,169.  Their 
ratio  is  1.53,  and  the  injarions  action  of  the  cylinder  walls  is 
223,106  in  the  first  case,  and  in  the  second  14C,945,  a  ratio  of 
L52. 

If  the  actual  work  obtained  from  the  total  steam  expended  is 
compared  in  the  two  cases,  we  obtain 


In  the  first  case, 


^  II  0.124, 
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udlnibeseooBd, 

^=aoeo, 

ftiterwarils,  first  case, 

f=o.m. 

und  Mcond  ease. 

.f 

f=ai6i. 

II  ilioalil  be  noted  that  aha 

in  lie  tnl  case 

1  =  0644, 

«nl  in  tlie  second  case 

1  =  0.872. 

To  take  account  of 

the 

P 

1                  lich  occors   in  tli« 

engine  it  is  TOnveaient  to  mi 

I        E.         V 

n. 

ibojBlflwork  in  fnc lion  of  0 

0.184 
0.248 

om 

0.<U4 

o.oeo 

Bi  =  Ii«>I  of  Ifae  awam  BtlieKifLnit 

](  esliBiiBt  in  tmo- 

The  quantity  of  heat  Q  can  be  represented  in  the  same  way 
as  the  others  hj  a  rectangular  surface  whose  base  is  that  of  the 
diagram,  and  whose  height  will  be  represented  by 


jnQ 


'  1179.12 


Whence  the  height  is 


7720 


1179.12  =  910.281. 


On  the  digram  this  quantity  is  represented  by  a  height  abont 
91  millimfltres. 

In  the  first  figure  annexed  we  have  traced  a  straight  horizon- 
tal line  broken  at  this  height.  Another  dotted  line  has  been 
added  at  the  height  denoted  by  Tj.  +  Rj-  The  distance  between 
diese  two  latter  lines  gives  an  idea  of  the  losses  other  than  those 
which  are  dne  to  the  influence  of  the  cylinder  walls.  The  dia- 
gram translates  to  the  eye  the  table  just  given  above,  in  order  to 
make  the  oompariaoa  of  the  two  trials  here  concerned. 
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It  appears  at  first  from  this  table  that  the  great  loss  comes 
from  the  fact  that  the  steam  is  surrendered  when  it  still  contains 
a  considerable  quantity  of  heat,  f/^i,  and  the  sum  of  the  losses 
other  than  by  wall's  action  come  very  nearly  equal  to  Ux»  It 
is  because  the  period  of  expansion  being  short  in  the  second 
example,  that  the  steam  did  not  have  time  to  do  much  work 
at  the  expense  of  its  heat.  More  prolonged  expansion  in  the 
first  case,  has  diminished  the  value  of  6\  by  about  20  per  cent, 
below  its  value  in  the  second  case ;  thus  the  sum  of  the  losses  is 
thirteen  per  cent,  greater  in  the  second  case  than  in  the  first ; 
but  of  this  13  per  cent.  4  only  go  to  the  work  and  9  to  the  loss 
by  the  walls.  It  should  be  remarked  also  that  the  influence  of 
the  clearance  enters  to  some  extent,  but  it  was  taken  in  the 
value  of  the  losses  through  the  walls  by  reason  of  ignorance  how 
to  isolate  it.  It  would  appear  possible  to  affirm  that  in  neither 
of  these  two  cases  did  the  piston  have  any  leakage,  but  it  should 
be  remarked  that  the  leakages  would  not  be  able  to  be  distin- 
guished in  the  calculation  from  the  action  of  the  walls.  In- 
deed, it  is  immaterial  whether  the  heat  passes  from  one  side  to 
the  other  side  of  the  piston  conveyed  by  the  steam  or  by  the 
metal. 

These  examples  will,  doubtless,  be  sufficient  to  show  the  work- 
ing of  the  tables  of  steam,  and  are  respectfully  submitted  to 
the  American  Society  of  Mechanical  Engineers. 
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DISCUSSION. 

/'rri/',  ./.  E.  Deitton. — This  paper  seta  forth  the  methoda  ol 
itndjiag  the  amounts  of  ejiinder  condensation  and  re-evtiporation 
i>eoiiiciii^  &i  tli6  obvei-ol  porioJd  of  tho  cyolo  of  a  atuuiu  uugiue, 
*hich  have  been  made  familiar  to  Americau  students  through 
the  exbanstive  digests  of  the  investigations  of  Him,  Hallauer, 
and  others,  contained  in  the  excellent  treatise  on  steam  by  the 
Ute  Prof.  Chas.  A.  Smith.  Such  studies  are  now  quite  general 
among  American  experimenters  and  teachers,  but  it  is  neverthe- 
less very  satisfactory  to  have  the  transactions  of  the  Society 
bonored  by  this  contribution  from  so  distinguished  a  worker  as 
the  writer  of  this  paper.  I  believe  that  the  graphical  processes 
uid  the  general  character  of  the  presentations  of  method  are 
tDore  complete  than  anything  heretofore  offered. 

Pr(^'.  H.  W.  Spongier. — It  is  well  known  through  the  efforts  of 
Prof.  Thurston  and  other  members  of  this  society,  that  the  con- 
densatioq  in  the  steam  engine,  which  the  writer's  digram  pur- 
ports to  show,  is  caused  primarily  by  the  surface  that  is  exposed 
to  the  exhaust  and  then  to  the  entering  steam,  and  in  which  the 
element  of  time~comes  in  to  a  very  great  extent  as  well  as  the 
element  of  surface.  In  these  diagrams,  which  are  given,  we  have 
what  seems  to  be  a  rectangular  area  showing  the  tranBmission 
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of  heat  during  the  time,  of  the  entering  of  steam,  which  would 
lead  one  to  infer  that  the  supposition  of  the  author  was  that  the 
transmission  of  heat  was  something  which  took  place  through  a 
certain  definite  part  of  the  stroke  at  a  certain  definite  rate.  Now 
the  fact  of  the  matter  is,  so  far  as  we  know,  at  the  early  part  of 
the  stroke,  at  the  admission,  the  greater  quantity  of  condensation 
must  take  place  because  the  greater  surface  has  been  exposed  for 
the  greater  length  of  time  to  the  exhaust,  and,  it  seems  to  me,  as 
a  graphical  representation  of  what  takes  place  in  a  steam  cylinder, 
this  falls  considerably  short  of  being  correct.  As  to  the  advan- 
tage of  these  particular  tables,  those  of  our  colleague,  Mr.  Pea- 
body,  seem  to  cover  the  case  exactly  for  our  use,  and,  I  think, 
are  more  complete. 

Frof,  li.  H.  Thurston. — In  regard  to  the  tables,  I  understand 
that  they  are  the  tables  which  the  author  uses  in  making  his  com- 
putations. I  do  not  understand  him  to  say  that  they  are  better 
or  worse  than  other  and  standard  tables.  He  has  reduced  them 
to  British  units,  from  the  metric  system,  for  his  own  special  pur- 
poses. I  find  in  print  an  embarrassing  number  of  steam  tables, 
and  would  be  much  pleased  if  most  of  them  were  wiped  out  of 
existence  and  only  those  prepared  by  such  experts  retained. 

In  regard  to  the  other  questions,  as  to  whether  the  paper  shows 
the  transfer  and  method  of  transfer,  a  glance  at  the  paper  will 
answer  that  question  without  any  doubt.  The  paper  apparently 
shows  no  attempt  to  exhibit  the  complete  method  of  variation 
of  this  flow,  but  simply  its  total  amounts,  positive  and  negative. 
But  M.  Dwelshauvers  has  elsewhere  attempted  to  trace  that 
process,  and  to  give  quantitive  results — in  an  approximate  way 
perhaps,  but  for  the  first  time,  certainly  in  an  encouraging  man- 
ner— in  the  papers  to  which  I  have  already  referred.  These 
he  has  lately  published  in  the  Transactions  of  the  British  Insti- 
tution of  Civil  Engineers,  and  in  the  bulletin  of  the  Society  of 
Mulhouse.  He  has  made  a  first  attempt  to  trace  this  transfer  of 
heat  between  the  steam  and  the  steam-engine  cylinder  without 
as  much  success  as  he  himself  would  have  desired,  or  as  much 
success  as  any  of  us  would  be  glad  to  attain  ;  but  he  has  shown 
that  it  is  perfectly  practicable  to  adopt  a  certain  method  as  a 
beginning,  which  method  is  likely  to  prove  to  be  valuable.  We 
have  to  thank  him,  not  for  having  done  the  work  completely,  but 
for  having  shown  how  to  go  about  the  beginning  of  it  I  do  not 
think  we  have,  in  any  one  direction,  as  yet  reached  the  end.     We 
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re  fflBking  attempts,  some  more,  some  less  successful,  to  secure 
I  kurtwleilfie  of  the  method  of  loss  of  heat  and  of  steam 
in  the  enjrfue  cylinder,  as  ordinarilj  constructed,  by  this  kiud 
of  trausfer.  I  thiuk  that  we  are  under  great  obligations  to  M. 
Dwi'kliaiiTprs  for  going  even  as  far  as  he  has  gone.  He  states 
tut  be  has  not  been  able  to  secure  an  accurate  measure  of  the 
qaanlity  huJ  rate  of  such  flow  at  all  points  in  the  engine  cycle. 
Hf  lii>]M«  that,  in  time,  a  way  may  be  found  ;  but  he  as  yet  has 
not  been  able  to  obtain  results  which  are  entirely  satisfactory 
to  Iiiiuaelf.  He  has  taken  most  cai-cfully  made  indicator  cards 
uid  hiM  fiutleavoted  to  work  from  them,  and  with  some  success  ; 
but  it  ifl  a  success  at  which  we  are  all  pleased  as  the  begiuQing, 
but  not  the  success  at  which  we  would  ba  still  better  pleased 
icere  it  the  end. 
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CCCLX. 

COST  OF  STEAM  AND    WATER  POWER. 

BT  CHAB.  T.  MAIN,  LAWBBNCB,  MASS. 

(Member  of  the  Society.) 

During  the  past  two  or  three  years  the  interest  taken  in  th^ 
relative  cost  of  steam  and  water  power  has  shown  itself  in  frequerw. 
discussions  and  by  a  few  papers  on  the  subject.  These  papers 
"  The  Statistics  of  the  Water  Power  Employed  m  Manufaeturi 
in  the  United  States,"  by  Professor  Swain,  presented  to  the  Am 
ican  Statistical  Association  and  printed  in  their  publication 
March,  1888;  a  paper  by  Mr.  Chas.  II.  Manning,  '' Comparati  ^^fcr 
Cost  of  Steam  and  Water  Power,"  read  at  the  last  meeting  of  tl:^  i 
Society  ;  *  and  a  paper  by  the  writer  presented  in  1886  to  the  st  mi 
dents  at  the  Massachusetts  Institute  of  Technology.  Since  188(S  J 
have  been  able  to  collect  a  very  much  larger  amount  of  data  beai*- 
ing  upon  this  subject,  and,  without  at  all  criticising  the  other 
papers  published,  will  now  put  a  part  of  such  data  into  definite 
form  for  further  information  on  this  subject. 

The  costs  of  power  which  follow  have  been  worked  out  per  indi- 
cated horse  power  on  engine,  and  horse  power  on  wheel  shaft. 
These  two  are  comparable,  for  the  friction  of  engine  will  be  about 
equal  to  the  friction  of  gears  and  shafting  on  water  wheels. 

I.  Let  us  first  consider  the  cost  of  steam  power,  and  we  shall  find 
that  its  cost  will  vary  through  a  number  of  causes,  which  are  prin- 
cipally the  cost  of  fuel  in  different  localities;  the  amount  of  exhaust 
steam  used  for  various  purposes  after  passing  it  through  the  engine 
and  there  producing  power ;  the  amount  of  power  required  and 
the  tvi)e  of  enij:ine  used. 

In  order  to  cover  all  the  variable  quantities  in  our  problem.  Table 
I.  has  been  prepared,  which  shows  the  approximate  cost  of  steam 
power  in  amounts  varying  from  500  to  2,000  H.  P.  with  the  high 
pressure,  condensing,  and  compound  engine,  using  different  per 
cents,  of  exhaust  steam  for  heating  purposes,  and  various  prices  of 
coal. 

*  Trans.  A.  S.  M.  E. :  Vol.  X.,  p.  499,  No.  (XCXXXIX. 
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The  methods  used  in  working  out  this  table  are  fully  explained 

by  working  through  for  a  1,000  H.P.  plant,  using  an  average  of 

^i  of  exhaust  steam  for  lieating  purposes,  with  coal  at  $5.00  per 

long  ton  delivered  in  pocket. 

Let  US  assume,  in  the  plant  of  1,000  I.  H.  P.,  that  the  engines 

for  each  case  are  a  pair  of  tandem  compounds,  a  pair  of  single 

cylinder  condensing,  and  a  pair  of  non-condensing  engines. 

The  items  of  cost  for  running  such  plants  are  fuel,  attendance  of 
engines  and  boilers,  oil,  waste,  and  supplies,  depreciation,  repairs, 
interest,  taxation,  and  insurance. 

The  fuel  consumption  per  indicated  horse  power   per  hour  is 
shown  in  the  following  table.     The  total  consumption  per  I.  H.  P. 
per  hour  is  the  total  amount  burned,  and  is  the  amount   to  be 
charged  to  power  if  no  exhaust  steam  is  used  for  heating  purposes. 
The  net  consumption  per  I.  H.  P.  per  hour  is  the  amount  to  be 
charged  to  power  after  deducting  a  weight  equivalent  to  the  amount 
of  exhaust  steam  used  for  heating  purposes. 
I       The  conditions  for  running  are  assumed  as  follows:  The  com- 
pound engine  is  to  run  with  100  lbs.  initial  pressure  above  the 
atmosphere  ;  the  receiver  pressure  to  be  5  lbs.     The  condensing 
engine  to  have  an  initial  pressure  of  80  lbs.;  and  if  a  portion  is  run 
high- pressure,  that  portion  is  to  exhaust  against  5  lbs.  back  pres- 
snre.    Tlie  high-pressure  engine  to  run  with  an  initial  pressure  of 
100  lbs.,  and  to  exhaust  against  a  back  pressure  of  5  lbs.     The 
temperature  of  feed  water  is  taken  at  100"  Fahr. 

The  coal  consumption  per  I.  H.  P.  per  hour,  when  the  engines 
are  running  with  steam  used  for  power  only,  are  taken  as  IJ  lbs. 
for  the  compound,  2 J  lbs.  for  the  condensing,  and  three  lbs.  for  the 
high-pressure  engines,  and  these  figures  will  be  conceded  by  engin- 
eers in  general  to  be  fair  values  to*  work  with  for  the  best  constructed 
engines  and  boilers  for  each  type. 
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TABLE  II. 

Showtko  Gross  and  Net  Coal  Consumption  in  Lbs.  per  Indicated 

Horse  Power  per  Hour. 


CdxiinnL 

2 

8 

4 

5 

6 

7 

Ssftixi. 

COXPOUMU. 

COMDBNBINO. 

Higu-Prbssure. 

11 

11. 

Lbs.  of  coal  per  I. 
H.  P.    per   hour,   all 
coal  charged  to  power. 

Lbs.  of  coal  per  T. 
H.  P.  per  hour,  de- 
ducting amount  equi- 
valent    to     exhaust 
steam  used. 

Lbs.  of  coal  per  I. 
H.  P.   per  hour,   all 
coal  charged  to  power. 

Lbs.  of  coal  per  I. 
H.  P.  per  hour,  de- 
ducting amount  equi- 
valent    to      exhaust 
steam  used. 

Lbs.  of  coal  per  I. 
n.  P.    per   hour,   all 
coal  charged  to  power. 

Lbs.  of  coal  per  I, 
H.  P.  per   hour,  de- 
ducting amount  equi- 
valent     to     exhaust 
steam  used. 

0 

35 

50 

75 

lUO 

1.75 
2.06 
2.38 
2.69 

1.75 
1.50 
1.25 
1.00 

2.50 
2.63 
2.75 

2.88 

2.50 
2.06 
1.68 
1.19 

3.00 

3.00 
2.44 
1.88 
1.31 
0.75 

Explanation  of  Table  II. 

When  steam  is  used  for  power  only,  the  coal  consumption  is 
shown  at  the  head  of  each  cohimn. 

I"  col.  2  is  given  the  gross  consumption  per  T.  II.  P.  for  the 
compound  engine,  which  is  found  tlius  :  Supposing  25^  of  the  steam 
exhausted  from  the  higli-pressure  cylinder  is  taken  from  the  re- 
ceiver, then  75^  of  the  whole  steam  admitted  to  high-pressure 
cvlinder  will  be  used  as  in  a  regular  compound,  and  25,^  of  the 
steam  admitted  will  be  used  as  in  a  high-pressure  engine,  and  the 
total  consumption  will  be 

1.75   X.75  =  1.31 
3.00    X  .25  =    .75 


2.06 


and  so  on  for  each  per  cent,  taken  from  receiver. 

Col.  4  is  obtained  in  a  similar  way  to  col.  2. 

In  col.  3  is  given  the  net  weight  to  charge  to  power.  For  the 
compound  engine  it  is  obtained  thus:  Starting  at  100°  temperature 
of  feed,  the  amount  of  heat  necessary  to  make  one  pound  of  steam 
at  100  lbs.  will  be  1,117  thermal  units. 

The  amount  of  heat  necessary  to  produce  one  pound  of  steam  at 
5  lbs.  pressure  from  100°  Fahr.  is  1,083  thermal  units. 

The  amount  of  heat  to  charge  to  power  if  the  steam  is  admitted 
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at  100  lbs.  pressure,  and  exhausted  and  used  at  5  lbs.  pressure,  will 
be  1,117-1,083  =  34  T.  TJ.  per  lb.  of  steam,  or  34-4- 1,117  = 
.0307  of  the  total  amount  admitted. 

Besides  the  change  of  about  3^,  due  to  the  difference  in  pressure 
at  the  beginning  and  end  of  stroke,  we  must  consider  the  effect  of 
cylinder  condensation,  and  condensation  in  the  jackets.  Tlieseare 
rather  indefinite  quantities,  and  will  seriously  affect  the  amount  of 
coal  to  be  charged  to  power.  The  difference  in  the  amount  of  con- 
densation by  passing  the  steam  through  an  engine,  or  passing  it 
through  pressure  regulators  and  pipes,  should  be  charged  to  the 
power.  Let  us  assume  that  20^  of  the  steam  apparently  evaporated 
passes  from  each  cylinder  in  the  form  of  water,  and  that  5^  of  the 
total  weight  of  steam  used  is  condensed  in  the  jackets,  making  a 
total  loss  by  condensation  of  25"^,  This  may  be  rather  high,  but 
I  have  placed  it  high  enough  to  cover  possible  losses  by  condensa- 
tion. This  added  to  3^  the  amount  of  heat  due  to  the  difference 
in  pressures,  makes  a  total  loss  of  28;^.  If  we  call  the  loss  by  con- 
densation in  pipes  and  passing  by  through  regulators  3^,  we  shall 
have  a  difference  or  net  charge  of  25^  to  make  to  the  engine  or  to 
power. 

We  get,  then,  the  amount  of  steam  to  charge  to  power  for  tho 
compound  engine,  25^  being  taken  from  the  receiver;  thus 

1.75  x.75  =  1.3125 
3.00  X  .25  X  .25  =    .1875 

1.50 

and  so  on  for  each  per  cent,  taken  from  the  receiver. 

Cols.  3,  5,  6  and  8  are  obtained  in  a  similar  way. 

If  it  is  necessary  to  make  steam  for  other  purposes  than  power, 
and  if  this  stoarn  can  be  passed  through  the  engine  before  being 
used  for  other  purposes,  then  all  the  expense  that  should  be 
charged  to  power  is  the  weights  of  coal  which  we  have  in  columns 
3,  5,  6  and  8,  Table  L,  a  portion  of  the  attendance  on  boilers,  and  a 
portion  of  the  cost  of  boiler  plant  for  depreciation,  repairs,  interest, 
taxation  and  insurance,  this  portion  being  in  the  same  ratio  to  the 
full  cost  of  attendance  and  depreciation,  repairs,  etc.,  of  the  boiler 
plant  as  the  weight  of  coal  charged  to  the  engine  is  to  the  gross 
weight  consumed.  To  this  add  the  full  cost  of  attendance  of 
engine,  full  cost  of  oil,  waste,  and  supplies  for  engine,  and  full  cost 
of  engine  plant  for  depreciation,  repairs,  etc. 

This  is  shown  in  Tables  III.  and  IV. 
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H.  The  variation  in  the  cost  of  water  power  plant  per  horse 
power  is  very  great.  This  variation  is  caused  principally  by  the 
following  reasons:  First,  the  variation  in  head  in  different  locali- 
ties; and  unless  the  fall  is  between  two  canals,  the  head  is  variable 
for  a  specified  place,  and  therefore  influences  the  size  of  plant 
necessary.  Second,  the  distance  from  source  of  supply  to  point  of 
dischai^e  is  an  element  which  very  materially  affects  the  cost  of 
plant. 

The  variation  in  total  cost  of  water  power  will  depend  then  prin- 
cipally upon  the  charge  made  for  water  and  the  cost  of  plant  per 
n nit  of  power. 

The  average  estimated  cost  per  H.  P.  on  wheel  shaft  for  three 
separate  plants  in  Manchester,  N.  H.,  of  890  H.  P.  each,  and  very 
nearly  identical  in  construction,  where  the  average  distance  from 
canal  to  river  is  about  330  feet,  and  the  average  head  30  feet,  is 
$44.  As  these  all  discharge  into  the  river,  they  must  either  be 
about  one  and  a  half  times  the  capacity  required  at  average  head, 
or  a  portion  of  the  mill  will  be  stopped  many  days  during  the  year, 
in  times  of  freshets  when  the  head  is  reduced,  and  some  days  even 
if  the  capacity  is  at  average  head  one  and  one-half  times  the  aver- 
asre  power  required.  The  cost  then  of  these  plants  will  be  $44  x 
1.^  =  i^Cy^  per  H.  P.  required. 

In  Lowell,  Mass.,  in  one '  mill,  there  are  two  plants  where  the 
average  distance  from  supply  canal  to  discharge  canal  is  about  575 
feet,  and  the  fall  13  feet.  The  estimated  cost  per  H.  P.  for  a 
modern  plant  is  about  $110.  The  power  of  each  plant  would  be 
about  1,000  II.  P.  As  the  discharge  is  into  a  canal,  the  head  is 
nearly  uniform  throughout  the  year. 

On  another  corporation  in  Lowell  there  are  four  distinct  plants, 
ail  deliverinof  from  canal  to  river  under  an  averaore  head  of  18  feet. 
The  average  distance  from  canal  to  river  is  about  290  feet.  The 
estimated  costs  of  four  modern  plants  under  the  same  conditions 
average  about  $57  per  H.  P.  All  of  these  are  subject  to  back 
water,  and  the  plants  must  be  of  one  and  a  half  times  the  power 
required,  and,  in  fact,  the  plant  at  this  corporation  is  two-thirds 
greater  capacity  at  average  head  than  the  average  power  used. 

The  estimated  cost  of  one  plant  in  Lawrence,  Mass.,  where  the 

average  head  is  28  feet  and  the  distance  from  canal  to  river  400 

feet,  is  $42  per  H.  P.  of  plant,  or  842  x  Vj  =  $63  i)er  II.  P.  used. 

In  1887  there  were  twent3^-five  days  when   the  wheels  would 

develop  only  two-thirds  or  under  of  the  power  at  28  feet  head  in 


■ai^wpi 
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Lawrence,  and  for  year  ending  May  1, 1888,  there  were  thirty-eight 
days  at  Lowell  when  some  of  the  wheels  were  running  tinder  sioiilar 
conditions.  Dnring  the  year  1888  the  number  of  days  when  the 
power  was  greatly  reduced  was  even  more  than  in  1887. 

From  the  above  it  will  be  seen  that  no  established  cost  can  be 
made  for  a  water  power  plant,  even  in  the  same  place  when  the  con- 
ditions differ,  and  that  the  cost  per  H.  F.  on  wheel  shaft  may  easily 
vary  from  $50  to  $100,  and  therefore  that  each  case  must  be  treated 
by  itself. 

The  items  which  go  to  make  up  the  total  cost  of  a  plant  in  Law- 
rence, North  Canal,  for  a  1,000  H.  P.  plant,  are  about  as  follows : — 

Ice  guards,  racks,  and  head  gates 9  8.00 

Iron  penstocks 8.00 

Wheels  (flume  pattern),  including  gears  and  shafting. 10.00 

Wheel  pits 8.00 

Bacewajs 15.00 

(46. 00 

$45  X  1^  =  $67.50  per  H.  P.  used. 

Table  V.  shows  the  approximate  cost  per  H.  P.  on  wheel  shaft 
for  a  1,000  H.  P.  plant  under  different  heads,  and  different  distances 
from  supply  to  discharge,  where  no  great  obstacles  to  constmction 

exist. 

TABLE  V. 


Head 

Distance  from  Sopply  to  Discharge  In  Feet. 

in 
F^t. 

100 

900 

800 

400 

800 

000 

10 

$96 

$110 

$125 

$140 

$165 

$170 

20 

88 

40 

64 

62 

70 

77 

80 

26 

82 

89 

46 

61 

68 

40 

20 

25 

81 

87 

42 

48 

50 

19 

28 

28 

88 

87 

41 

The  above  table  and  other  estimated  costs  given  do  not  include 
the  value  of  building  or  portion  of  building  used  for  wheel-room, 
which  would  be  about  $2  per  H.  P.  for  head  of  30  feet. 

To  get  the  cost  of  a  plant  of  any  other  size  than  1,000  H.  P.  add 
one  per  cent,  to  cost  in  table  for  each  100  H.  P.  decrease,  and  sub- 
tract one  per  cent,  for  each  100  H.  P.  increase.  This  holds  good 
between  the  limits  of  500  and  2,000  H.  P. 

If  the  discharge  is  into  river,  the  plant  will  necessarily  be  greater 
than  that  required  at  average  head,  and  the  figures  in  the  table 
must  be  increased  by  the  per  cent,  of  reserve  power  necessary. 
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The  varioas  charges  for  water  in  Manchester,  Lowell,  and  Law* 
Tence  are  as  follows : 

Manebester. 
Aboat  $800  per  year  per  mill  ix)wer  for  original  purchases. 
|2  per  day  per  mill  power  for  surplus. 

Lowell. 
About  |800  per  jear  per  mill  power  for  original  purchases. 
t2  per  day  per  mill  power  during  **  back-water." 
|4per  day  per  mill  power  for  surplus  under  40  per  cent. 

flO  per  day  per  mil]  power  for  surplus  over  40  per  cent,  and  uuder  50  per  cent. 
$20  per  day  per  mill  power  for  surplus  over  50  per  cent. 
|75  per  day  per  mill  power  for  any  excess  over  limitation. 

Lawrence. 
AboQt  |300  per  year  per  mill  power  for  original  purchases. 
AboQt  $1,200  per  year  per  mill  power  for  new  leases  at  present. 
$4  per  day  per  mill  power  for  surplus  up  to  20  per  cent. 
$8  per  day  per  mill  power  for  surplus  over  20  and  under  50  per  cent. 
|4  per  day  per  mill  power  for  surplus  over  50  per  cent. 

One  mill  power  in  Lawrence  =  30  cubic  feet  of  water  falling 
through  25  feet  head  per  second.  The  horse  power  of  the  water 
18  dae  to  a  head  of  about  one  foot  less  than  25,  to  allow  for  the 
loasin  getting  the  water  on  and  oflf  the  wheel,  so  that  we  have 

1  J/,  p.  =  ?L^?tn---  =  81.56 //./>. 

550 

With  wheels  of  80  y)er  cent,  efficiency  the  power  on  wheel  shaft 
equals  05.25  H.  P. 

A  mill  power  in  Lowell  is  equivalent  to  that  in  Lawrence. 

In  Manchester  a  mill  power  =  38  cubic  feet  per  second  on  a 
fall  of  20  feet.     AUowinsr  one  foot  loss  we  have 


38  X  19  X  02.3 
550 


=  81.78  //.  P. 


With  80  per  cent,  efficiency  on  wheels,  this  equals  05.42  II.  P.  on 
wheel  shaft. 

The  II.  P.  per  M.  P.  is  near  enoucrh  to  call  it  the  same  for  these 
three  places,  65  H.  P.  The  net  effective  horse  power  would  be 
about  60. 

Attendance,  one  man  at  $2.00,  for  308  days $616 

Oil,  waste,  and  supplies 100 


$716 

or  about  $0.72  per  II.  P.  per  year  for  a  1,000  H.  P.  plant. 
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III.  From  a  comparison  of  Tables  I.  and  VI.,  selecting  the  con- 
ditions from  each  which  suit  the  case  under  consideration,  can  be 
obtained  the  relative  cost,  pure  and  simple,  of  steam  and  water 
power. 

There  is  no  doubt  but  what  the  great  water  powers  of  New  Eng- 
land have  caused  the  large  manufacturing  cities  to  be  established 
and  developed  where  they  have  been.  At  the  time  of  their  start- 
ing and  development  the  steam  engine  had  not  reached  such  high 
efficiency  as  is  now  obtained.  Immense  sums  of  money  were  ex- 
pended in  some  places  for  the  development  of  the  water  power  and 
the  purchase  of  rights  to  use  this  power.  The  question  is  fre- 
qnentl}'  asked,  If  steam  power  is  cheaper  than  water  power  in 
many  eases,  why  do  you  continue  to  use  water  power  ?  The  an- 
swer to  this  question  is :  Having  spent  this  money,  and  now  hav- 
ing the  plant  and  privilege  paid  for,  it  is  usually  cheaper  to  use 
the  water  power  than  to  put  in  steam  power. 

This  question  should  be  modified  to  read  :  Could  you  afford,  at 
the  present  day,  to  pay  such  sums  as  would  be  required  in  the  pur- 
chase of  rights  to  use,  and  construction  of  plant  for,  water  ])ower  ? 
This  question  can  be  answered  only  by  careful  estimates  of  cost 
which  have  been  approximately  shown  in  the  tables. 

Thus  far  we  have  considered  simply  tlie  cost  of  powei'.  There 
may  be  advantages  or  necessities  attendiiii!;  tlie  use  of  either  steam 
or  water  whicli  might  offset  any  difference  in  cost  of  power 
dimply. 

Some  of  the  advantages  w^liich  are  favorable  to  steam  power  are 
a  >teady  j)ower  throughout  tlie  year,  independent  of  tlie  rise  and 
fail  of  a  river;  more  uniform  speed  than  can  be  obtained  from 
water  wlieels,  which  are  less  sensitive  in  their  regulation  than  an 
enirine  properly  regulated;  choice  in  selection  of  the  site  with 
reference  to  the  markets,  low  freights,  cheap  fuel,  favorable  con- 
ditions for  building,  and  procuring  and  keeping  operatives. 

Some  of  the  advantages  of  water  power  over  steam  power  are 
smaller  amount  of  space  occupied,  which  might  be  made  available 
for  other  purposes,  and  greater  cleanliness.  In  some  cases  large 
amounts  of  water  are  required  for  other  purposes  than  power,  and 
in  such  cases  a  location  on  a  stream  is  desirable. 

That  the  balance  of  advantages  and  cost  combined  is  in  favor  of 
steam  power  for  textile  manufactures  is  proven  at  the  present  time 
bv  the  erection  of  steam  mills  almost  entirelv,  while  there  are  still 
nudevelopc'  water  powers  which  are  available. 
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In  tlie  "  Analysis  "  of  Vol.  11.,  Census  of  Massachusetts,  1885, 
page  cxix.,  is  tiie  following:  "It  is  undoubtedly  true  that  steam 
is  taking  the  place  of  water  as  a  motive  power,  especially  in  new 
enterprises.  Steam  power  is  also  put  in  for  use  in  case  of  the 
failure  of  the  water  supply." 

DISCUSSION. 

Mr,  Samuel  Wehber. — I  desire  to  oflfer  as  a  part  of  the  discus- 
sion on  Mr.  Mains'  paper,  the  following  notes  which  were  pre- 
pared as  a  short  independent  paper,  to  correct  some  misappre- 
hensions of  Mr.  Manning's  as  to  the  cost  of  water  power.  As  far 
as  my  experience  goes,  I  can  agree  with  him  very  fully  in  regard 
to  the  cost  of  steam  power,  taking  his  case  No.  2  as  an  example, 
but  not  in  regard  to  the  cost  of  water,  in  which  he  assumes  the 
Essex  Company's  charge  for  extra  water  as  a  basis. 

If  such  charges  are  taken  as  a  basis  for  the  cost  of  water  power, 
they  should  be  compared  with  the  charges  made  for  steam  power 
by  lessors  in  Boston  or  Worcester,  which  range  all  the  way  from 
$50  to  $100  per  H.  P. 

I  have  given  in  the  sequel  my  views  as  to  the  cast  of  water 
power,  quoting  Mr.  N.ithan  Appleton  for  the  original  rates  fixed 
at  Lowell,  which  were  closely  followed  by  all  the  other  large 
water  power  companies  in  New  England,  but  I  omitted  one  very 
important  statement  made  by  Mr.  Appleton  before  he  mentions 
these  rates,  viz,,  that  "  the  first  expenditure  at  Lowell  for  canals, 
etc.,  was  $120,000,  which  was  estimated  to  produce  fifty  mill 
powers  of  sixty  net  H.  P.  each." 

This  would  be  a  cost  of  $2,400  per  mill  power,  so  that  the 
rental  fixed  on  this  of  $300  per  year  per  M.  P.,  would  be  12J  per 
cent,  on  the  cost,  which  shows  that  this  was  the  total  charge  for 
the  tenter y  and  that  the  payment  for  the  land,  as  I  say  hereafter, 
should  not  be  included.  With  the  old  "  breast  wheels  "  giving 
about  70  per  cent,  this  was  called  60  H.  P.,  and  would  be  $5 
per  annum  per  H.  P.  With  the  modem  turbine,  giving  80  per 
cent.,  it  would  yield  68  H.  P.  at  $4.40  per  H.  P.,  which  I  assume 
as  the  total  charge  for  water. 

Mr.  Denton  asked,  in  the  discussion  on  Mr.  Manning's  paper, 
if  any  allowance  was  made  for  repair  of  dams ;  and  I  can  say  that 
the  dams  at  Lowell  and  Manchester  have  been  rebuilt  by  the 
Water  Power  Companies  in  dressed  stone  and  cement,  like  the 
one  at  Lawrence,  and  are  likely  to  last  for  centuries. 
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Also,  that  the  Holyoke  Water  Power  Company  made  no  reduc- 
tion in  charges  for  water  due  to  any  change  in  ownership.  The 
original  Lowell  basis  has  always  been  the  standard  for  all,  until 
the  over-use  of  water  necessitated  the  peTval  charges  spoken 
of. 

I  offer  my  views  on  the  cost  of  water  power  gained  by  many 
years'  experience,  and  commencing  during  the  period  of  a  res- 
idence in  Lowell  from  1841  to  1847,  before  any  measurements  of 
the  water  actually  consumed  by  the  mills  had  been  made,  and 
having  witnessed  the  first  of  such  experiments. 

I  cannot  agree  with  Mr.  Manning*  that  there  should  be 
charged  to  the  cost  of  water  power  the  sums  paid  by  the  different 
manufacturing  companies  for  their  mill-sites  and  land,  including 
store-house  and  office  sites,  room  for  repair  shops,  coal  sheds, 
etc,  etc 

At  the  foundation  of  Lowell  the  price  for  these  was  fixed  as 
follows,  quoting  from  Mr.  Nathan  Appleton,  one  of  the  founders, 
in  his  pamphlet  on  "  The  Origin  of  the  Power  Loom,"  and  of 
LowelL 

Mr.  Appleton  says :  "  The  second  mill  built  at  Waltham  con- 
tained IJ,584  spindles,  with  all  the  apparatus  necessary  to  spin 
^^o.  U  yarn  and  convert  it  into  cloth,  which  was  taken  as  a 
standard,  and  the  necessary  water  power  was  estimated  and 
established  as  tlie  rij^ht  to  draw  twenty-five  cubic  feet  per  second 
on  a  fall  of  thirty  feet,  or  a  gross  H.  P.  of  BS.O;")  supposed  to  net 
about  GO  H.  P.  The  price  for  this  was  fixed  at  Lowell  at  §4 
per  spindle,  or  $14,336  for  a  mill  power  and  the  necessary  land, 
of  which  So,000  was  to  remain  unpaid,  subject  to  an  annual  rent 
of.?300or,*5  perH.  P." 

Now  I  have  always  understood,  for  nearly  fifty  years,  that  the 
sum  paid  down  was  for  the  necessary  land,  amounting  to  a 
number  of  acres  more  or  less,  and  that  the  sum  reserved,  pay- 
ing annual  interest,  was  the  cost  of  the  water  })ower  ;  and  I  think 
lam  corroborated  in  this  opinion  by  the  fact  that  the  §300  per 
annum  waa  the  interest  at  6  per  cent,  of  $83.33  per  H.  P.,  which 
was  more  than  the  first  cost  of  development,  alth(m<^h  that  has 
l)een  increased  of  later  years  by  new  dams  and  larger  canals, 
which,  however,  furnish  much  more  water  for  a  larger  portion  of 
the  year  than  the  J  0,000  H.  P.  originally  estimated. 


*  Transactions,  Vol.  X.,  p.  499,  No.  (WXXXII. 
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The  total  capital  of  the  Locks  and  Canals  Company  was  only 
$600,000,  and  this  covered  all  their  purchases  of  land,  besides 
grading  streets  and  building  a  large  machine  shop ;  and  this 
makes  the  total  cost  to  them  only  $60  per  H.  P.,  so  that  the  $5 
rental  may  safely  be  considered  as  having  covered  the  cost  to 
the  mills  of  their  water. 

The  Essex  Company's  dam  at  Lawrence  cost  $250,000  for  10,000 
H.  P.,  or  $25  per  H.  P.,  and  though  I  do  not  knoWy  I  feel  quite 
sure  that  the  canal  did  not  double  this  sum. 

The  new  dam  at  Manchester,  N.  H.,  built  in  1873  of  dressed 
stone  and  cement,  in  the  most  thorough  manner,  cost  $60,000, 
or  $6  per  H.  P.  for  10,000  H.  P. 

It  is  a  rather  singular  coincidence  that  the  available  power  on 
these  three  falls  on  the  Merrimac  river  should  be  nearly  identi- 
cal— the  fall  at  Manchester  being  49  feet,  with  2,590  miles  drain- 
age area,  at  55  c.  ft.  per  min.  per  mile,  that  at  Lowell  being  33 
ft,  with  4,000  miles  drainage  area,  and  at  Lawrence  28  ft.,  with 
4,600  miles  area. 

From  the  basis  fixed  for  Lowell  those  of  Manchester  and 
Lawrence  were  established,  so  as  practically  to  agree,  and  the 
odd  foot  of  allowance  at  Manchester,  which  Mr.  Manning  speaks 
of,  is  a  relic  of  the  old  days  of  breast  wheels,  which  are  now 
obsolete. 

Having  gone  down  the  river  from  Lowell  to  Lawrence,  to  help 
in  the  early  engineering  of  that  city,  and  afterward  lived  a  dozen 
years  in  Manchester,  I  feel  pretty  well  conversant  with  these 
matters.  No  charge  for  extra,  water  was  made  at  Manchester 
until  after  1871,  when,  the  power  being  apparently  exhausted,  I 
was  employed  by  the  late  Governor  Straw,  then  agent  of  the 
Amoskeag  Company,  to  make  dynamometer  measurements  of  the 
power  consumed  by  the  different  mills,  so  as  to  restrict  them 
to  the  amount  they  actually  paid  for,  and  use  the  surplus  to 
build  new  mills  on  unsold  and  unoccupied  land. 

In  this  way  the  charges  at  Lawrence  were  fixed  by  the  Essex 
Company  so  as  to  jx^milize,  if  possible,  the  use  of  extra  water, 
and  enable  the  company  to  utilize  unsold  land  on  the  other  side 
of  the  river. 

Neither  these  extra  charges  nor  the  first  cost  of  land  belong 
to  the  real  cost  of  water  power,  which  was  amply  covered  by  the 
original  charge  of  $300  per  year  per  mill  power,  and  on  this  I 
make  up  the  following  estimate  : 
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Dw  nt  water  by  tnrlilne  wheels,  giving  80  per  cunt (4  40 
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Anii  I  call  this  in  eseeaa,  because  I  do  not  think  it  is  neces- 
BSTT  to  Btld  33  per  cent,  to  cost  of  plant. 

The  cost  ia  many  of  the  smaller  powers  in  New  England  has 
not  eiceeded  $100  per  H.  P.  tor  dams,  canals,  wheels,  and  pits, 
snd  tlie  lotal  cost  chargeable  in  sncli  cases  would  not  exceed 
JIO  per  H.  P..  while  steam  would  be  far  higher. 

TVith  regard  to  the  cost  of  steam,  I  see  no  reason  to  doubt  the 
«)rKetnes3  of  Mr.  Manning's  estimate  of  $14.58  per  H,  P.  wltete 
ill  ibe  eihaust  is  used  for  heating  water  tor  dyeing  and  bleaching, 
bat  I  am  aleptical  as  to  the  allowance  of  only  1 J  lbs.  of  coal  per 
H.  P.  per  bour,  if  any  of  the  steam  is  taken  from  the  engine  for 
those  purjwses.  I  should  prefer  to  estimate  as  follows  : 
k         Coil $12  ai 

I  Ail«t.d»iite 2  44 

I  Suppiits 83 

I  aiiliog  fnud,  etc 

f  |SS  0 

''lag  10  f  for  net  power,  as  with  nitet 2  20  ' 

(24  20 

for  tbe  total,  and  this  is  not  qoite  half  of  what  I  have  found  the 
Bctml  annual  expenses  per  H.  F,  in  some  lai^e  cotton  mills  in 
New  England,  -within  10  or  16  years,  where  the  results  were  taken 
^m  the  books,  and  not  from  10-honr  trials  with  selected  fuel 
and  firemen.  I  think  Mr.  Manning's  estimates  of  cost  of  plant, 
for  both  water  and  steam,  as  close  as  possible. 

I  would  simply  quote  the  fact,  to  close,  that  some  of  the  mills 
at  Lowell  prefer  to  pay  $20  per  annum  for  extra  water,  rather 
than  resort  to  steam  with  their  present  plants,  and  that  these 
pajments  for  extra  water,  and  other  rentals,  enable  the  Canal 
Company  to  supply  the  owners  of  original  rights  with  water  free 
of  any  charges  whatever. 

Mr.  Ch(K.  T.  Main.* — In  answer  to  the  contributed  remarks, 
which  were  made  really  on  Mr.  Manning's  paper  and  only  in 
asticipatioQ  of  my  own,  I  will  take  up  each  point  to  which  ex- 

"  Amfaor'a  Closure,  under  tbe  Bnles. 
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ception  is  taken  in  the  same  order  as  presented,  as  nearly  as 
possible. 

I  fail  to  see  why  the  charges  for  extra  water,  above  what  is 
owned,  should  not  be  taken  as  a  basis  for  the  cost  of  power  for 
that  surplus  water,  for  the  users  are  obliged  to  pay  in  hard  cash 
for  every  mill  power  or  fraction  thereof  according  to  the  rates 
stated  in  the  paper,  and  if  this  surplus  water  can  be  o£bet  by 
steam  power,  the  cost  of  that  steam  power  to  set  against  it  is  the 
cost  at  that  very  place  and  nowhere  else.  That  the  charge  for 
extra  water  was  not  a  penal  one  in  the  case  of  the  mill  with 
which  I  have  been  connected  for  nine  years,  I  am  sure,  for  the 
Essex  Company  was  very  glad  to  let  us  use  this  water  at  the  rates 
charged,  and  very  sorry  to  have  us  dispense  with  the  surplus  in 
favor  of  steam  power  when  we  had  arranged  our  plant  to  do  sa 
Furthermore,  in  Lawrence,  on  the  South  Canal,  regtdar  power  is 
now  leased  for  $4  per  mill  power  per  day,  or  $1,200  per  year,  and 
is  therefore  a  basis  for  the  cost  of  water  power  in  South  Lawrence, 
which  can  be  compared  with  the  cost  of  steam  power  in  South 
Lawrence,  and  not  what  steam  power  can  be  leased  for  in  Boston ' 
or  Worcester. 

The  original  purchases  of  water  power  in  Lawrence  were  made 
at  $15,000  per  mill  power.  $10,000  of  this  was  paid  down  and 
$5,000  remained  as  perpetual  interest  at  6  per  cent.,  and  it  is  true 
that  the  land  was  practically  given  in  with  the  purchase  of  the 
mill  powers.  If  it  were  as  Mr.  Webber  says,  that  the  first  pay- 
ment, which  in  Lawrence  amounted  to  $10,000  per  mill  power, 
was  paid  for  land  only,  and  that  the  $5,000  per  mill  power  which 
remained  as  interest  was  the  only  payment  for  the  wat«r  power, 
then  the  extravagant  price  of  $250,000  was  paid  by  the  Pacific 
Mills  for  its  upper  site  for  land  only,  and  $125,000  remained  on 
interest  at  six  per  cent,  in  payment  for  the  water  power.  As  the 
mill  site  is  subject  to  this  perpetual  rental  for  water  power, 
whether  the  water  is  used  or  not,  it  seems  as  though  the  two 
were  inseparable,  and  so  they  are  usually  considered,  and  the 
land  would  be  of  no  value  with  the  restrictions  which  are  placed 
upon  it,  except  for  manufacturing  purposes. 

If  the  allowance  of  one  foot  from  the  gross  head,  which  is 
made,  is  a  relic  of  the  old  days  of  breast  wheels,  it  is  still  found 
necessary  to  make  it  in  Lawrence  as  well  as  Manchester,  and  I 
have  found,  by  observing  the  heights  of  water  at  the  canal 
and  river,  also  at  the  wheel  in  the  feeder  and  race-way,  that  the 
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head  acting  upon  the  wheel  is  just  about  one  foot  less  than  the 
difference  between  the  canal  and  river,  and  this  with  fair- sized 
feeders  and  race-ways. 

The  necessity  of  adding  33^,  as  Mr.  Manning  says,  or  50^  as 
I  claim,  to  the  power  of  the  plant  above  the  average  power 
required,  it  seems  to  me  is  clearly  shown  in  the  paper.  Would 
it  be  better  to  shut  down  a  portion  of  the  work  during  the  high 
water  period  than  to  put  50^  extra  cost  into  the  water  power 
plant? 

I  do  not  think  that  anybody  will  claim  that  if  a  compound 
engine  can  be  run  on  1 J  pounds  of  coal  per  H.  P.  per  hour  when 
no  steam  is  taken  from  the  receiver  for  heating  purposes,  that 
the  consumption  will  be  no  more  when  steam  is  taken  for 
such  purposes.  The  consumption  will  increase  from  the  mini- 
mum when  no  steam  is  taken  out  to  the  maximum  of  a  high- 
piessore  engine  when  all  the  exhaust  steam  is  used. 

In  closing,  I  would  say  that  I  have — and  I  think  Mr.  Manning 
has  also — considered  this  question  according  to  the  conditions 
which  exist  at  the  present  time,  without  reference  to  what  they 
nay  have  been  in  the  past.  If  we  go  back  many  years  we  shall 
certainly  come  to  the  time  when  there  was  no  question  of  steam 
power  being  a  competitor  of  water  power  under  ordinary  condi- 
tions, but  now  a  very  different  set  of  conditions  enters  into  the 
problem,  and  it  is  because  of  this  change  which  has  come  about 
that  we  are  able  to  take  the  stand  which  we  now  do.  I  have 
nothing  but  respect  and  admiration  for  our  predecessors  who 
have  done  so  nobly  and  who  hold  so  tenaciously  to  the  old  doc- 
trine, but  they  cannot  but  see,  if  they  will,  that  the  reverence  with 
which  water  power  has  always  been  mentioned  is  gradually  dis- 
appearing. 
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(Member  of  the  Society.) 

In  stiidj'ing  the  subject  of  the  lubrication  of  car  journals,  th 
writer  was  led  to  the  conclusion  that  the  .usual  lubricating  test^ 
of  coefficients  of  friction,  durability,  etc.,  were  unreliable,  as  they 
did  not  pretend  to  reproduce  the  conditions  of  actual  practice, 
giving  neither  the  wear  on  the  journal — which  is  more  important 
than  the  coefficient  of  friction — nor  the  action  when  the  journal  was 
"flooded  "  with  the 'lubricant,  the  condition  which  obtains  in  good 
practice. 

In  order  to  overcome  these  objections  the  following  method  was 
devised  by  the  writer,  which  can  perhaps  be  best  explained  by  de- 
scribing a  test  recently  made,  the  official  report  of  which  is  as  fol- 
lows : 

lieport  of  Test  of  K,  Lubricant 

Test  commenced  July  18,  1888;  test  completed  September 
30,  1888. 


No.  of  Joarnal 
or  Braes. 

A/iauici.cr  VI    uuuriiai  vr 

Weight  of  BrasH. 
Before.              After. 

Am't  Wear. 

Bemarkv. 

1  Journal 

251 

21 

A 

With  lubricant. 

2       " 

if 

<< 

•  ( 

<( 

3       •• 

(« 

m 

rfr 

Oil  used  as  standard. 

4       " 

<i 

m 

^V 

i(                     cc 

1    Brasa 

97i  oz. 

12  oz. 

25i  oz. 

Withlabrieant. 

2       •* 

lOOi  oz. 

71  i  oz. 

20  oz. 

<c 

8       " 

108i  oz. 

03  oz. 

15^  oz. 

Oil  osed  as  standard. 

4       '* 

lOU  oz. 

84  oz. 

17i  oz. 

REMARKS. 

i*                       c< 

Amount  of  lubricant  used,  15  lbs.     Amount  of  oil  used,  2i  gals.  =  18^  lbs. 
Duration  of  test,  73  days.     Mileage,  8,511  miles 

Test  was  made  on  east  truck  of  baggage  car  No.  12.     Weight 
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on  journal  abont  6,000  lbs.,  probably  varied  from  4,000  to  6,000 
Ik;  raaxiinum  speed,  40  miles  per  hour. 

Box  packed  with  lubricant  ran  slightly  warm  all  the  time;  box 
packed  with  oil  seemed  to  be  same  temperature  as  the  atmosphere. 

The  method  of  comparison  is  as  follows : 

J=  relative  value  of  the  two   lubricants,  the   standard  being 

taken  a8  unity. 

rt=  value  of  brass  per  ounce  wear.  )      ^,         ^ 

I       u  '  t  .  c      These  tier  arcs  are 

0=    "  journal  per  ^  ounce  wear.  )  ° 

obtained  by  dividing  the  total  value  of  the  piece  in  place  less  the 

value  of  the  scrap,  by  the  amount  in  ounces,  or  sixty-fourths  of  an 

inch,  necessary  to  be  worn  off  before  the  piece  is  condemned. 

3  =  wear  of  brass  in  ounces. 

2=  wear  of  journal  in  sixty -fourths, 

m  =  mileage. 

3 '2'  and  m'  =  similar  values  for  the  standard. 

We  then  have 

^JaZ'^Yl""' (1) 

As  a  rule  m  =  77i\  but  cases  arise  when  that  is  not  the  case. 
Applying  the  formula,  we  have  first  to  determine  the  constants 
0  and  />. 

Tlie  avera2:e  wei^^ht  of  the  brass  is  104  oz. ;  this,  at  1.2  cents 
per  oz.,  =  )Sl.25.  Allowable  wear,  38  oz. ;  104  —  38  =  66  oz.  scrap 
at  I  cent  per  oz.  =  33  cents;  lience  net  value  of  brass  =  si. 25  — 
"■•^•'  =  92  cents ;  ?i  =  2.4  cents  per  oz.  =  a. 

An  axle  weighs  about  350  lbs.  ;  at  2.4  cents  =  §S.40  4-  labor  = 
?1".0<):  deduct  300  lbs.  scrap  at  1  cent  =  $7.00.  Tiiree-quarters 
"^  iui  inch  wear  will  throw  an    axle  out  of  service ;  hence  h  — 

7o'  =  14.6  cents.     Substituting  in  equation  (1),  we  liave 

,.__  iaZ'  ^  hz)  _  2.4  X  14.5  +  14.6  x  4.5  _  105.3  _  ^^. 

^  "   ^^  3  +  fe)  ~     2.4  X  27  4- 14.6  x  6    ~  152.4  ~  ^  '^^^  '   ""' 

The  oil  used  as  a  standard  was  an  ordinary  straight,  reduced  petro- 
leum about  28''  B.  and  15""  F.  cold  test,  and  cost  about  eight  cents 
per  gallon  delivered  in  carload  lots. 
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The  value  of  the  lubricant,  taking  into  account  the  amonnt  used 
would  be 

X==^  0.69  =  0.83, (3 

15 

which  with  standard  at  8  cents  per  gallon  =  6.64  cts. 

As  a  rule  the  amount  of  lubricant  or  oil  used  is  not  regarded,  ai 
there  is  so  much  waste,  and  so  much  is  dependent  on  the  conditio 
of  dust-guards,  etc.,  that  any  attempt  to  regulate  the  amount  con 
sumed  would  vitiate  the  results  to  such  an  eAlent  as  to  make  the 
practically  worthless. 

When  the  coeflBcient  of  friction  can  be  obtained  with  any  de- 
gree of  accuracy,  it  is  well  to  take  into  account  the  relative 
amounts  of  coal  consumed.  This  would  give  to  equation  (1)  the 
following  form : 

(7=  value  of  coal  consumed  per  mile  per  pound  of  train  resis- 
tance. 

W=  weight  on  journal  in  pounds. 

/'  =  coefficient  of  friction  of  standard. 

y*=  "  "  lubricant. 

d  =  diameter  of  journal  in  inches. 

d'=         "  wheel  " 

The  f  rictional  resistance  would  be  =  Jf^  x  -7-,,  and  the  value  of 
the  coal  =  CWf  x  -p,  and  formula  (1)  becomes 

{az'  +  h^r,  d 

^-Z^hz)^  d 

m  ^  a 

Assuming  a  coefficient  of  friction  for  the  standard  of  0.01  and 
for  the  lubricant  of  0.04,  which  are  about  the  values  they  would 
have  given,  we  can  apply  equation  (4)  to  the  test  described. 

To  obtain  the  value  of  (7,  we  have  one  pound  of  coal  of  about 
14,000  B.  T.  U.;  calorific  value  would  give  10,808,000  ft.  lbs.  of 
energy.  This,  with  a  boiler  efficiency  of  40^,  and  an  engine  effi- 
ciency of  10^,  would  give  432,320  ft.  lbs.,  hence  -AWhi  =  0.012, 
lbs.  coal  per  pound  of  resistance  per  mile. 

With  coal  at  $1.00  per  ton,  C  would  bo  equal  to  0.0006  cts. 


Sof^titDring  tiiese  viiiiies  id  eqoBtion  (4); 


'""^-cwi 


3.4  X  16.5  +  14.fi  X  4«  ^  rtn--      ™^-    ■  ft,       , 
sTTi — ^  +  .0005  X  6Q00  X  .01  X  A 


.0123  -(-.00S5 
^  -  .0179  H 


In  fcrmnU  6  tlie  first  qnniiti  the  namflrator  (0.0138)  an4 

tn  rlie  denoniinatur  (0.0179)  hNi  :  the  wear  of  the  jonniftl  snd 

Wrinjf:  the  others  :<re  due  to  t      coninmed.    It  will  be  obseired 
ttiatt!i(>f(>rinc-r,  being  mnirli  1i  have  a  much  greater  effect  on 

tiieialnc  of/  than  rhe  latter,  and  conseqnentlr  rtiat  the  wear  of 

JonnialB  and  brasses  is  a  mnch  more  important  factor  than  coal  con- 

snmption. 
The  Tftlne  .04,  asenmed  for  the  coefficient  of  friction   of  the 

Inbrieant,  is  somewhat  high,  bnt  about  correct,  as  it  was  undoubt- 

edij  a  verj  poor  lubricant. 

DISCUSSION. 

fr^,  J.  E.  Dentoru — Mr.  Randolph  communicated  these  re- 
nits  to  me  acme  time  since,  and  I  thought  it  was  a  great 
•dTuice  in  the  method  of  testing  oil  to  put  it  on  a  car  and 
keep  account  of  what  occurred  in  the  interval  of  time  long 
enoiigh  to  make  an  appreciable  wear.  I  believe  that  most  of 
tiie  railroad  laboratories  have  long  since  decided  that  the 
greatest  element  of  cost  in  lubrication  is  the  metallic  wear  which 
totes  place  on  the  axle  and  the  brass.  I  understand  that  the 
labricaDt  of  which  he  speaks  was  what  is  called  a  cooling 
eompoond,  and  I  want  to  apeak  of  an  interesting  deduction 
bom  that  fact.    The  cooling  compounds  which  are  sold  are  a 
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grease  of  some  kind  mixed  up  with  talc  or  sulphur,  or  in  this 
case  bituminous   coal.     A  sample  of  this  which  was   sent  to 
me  was  made  up  of  bituminous  coal  mixed  with  grease,  and 
yet  it  ranks  as  a  cooling  compound  for  hot  boxes,  and  you 
notice  that  it  wears  the  journal  considerably  more  than  the 
oil.     The  theory  of  the  cooling  compounds  is  simply  this,  that 
if  the  journal  is  about  to  become  hot,  and  if  you  can  catch  it 
before  it  is  abraded  suflSciently  to  get  hot  right  away,  that  is  in 
a  few  seconds — if  you  could  open  the  box  and  get  on  a  piece 
of  sandpaper,  you  could  smooth  it,  and  it  would  cease  to  gfe\: 
hot.     Now,  the  theory  is  that  the  talc  or  bituminous  coal,  i^ 
you  can  get  it  on  the  journal  in  time,  will  smooth  the  bcarin^r^ 
In  experiments  made  personally  on  oil  testers,  I  have  noticF=^ 
the  friction  in  gearing  in  time  to  stop  the  machine  and  disco 
er  the  spot  where  the  surfaces  were  roughening ;  I  have  rubb^^ 
the   rough    surface    smooth   with  an  oil-stone    and    put    tIK 
brasses  back,  and  the  journal  has  gone  on  again  all  rigki::^ 
A  cooling  compound  is  therefore  a  good  thing  for  a   hot  bc>  ^ 
but  if  you  use  it  for  a  regular  lubricant  it  necessarily  mak^^*- 
more   wear  than  oil.    There   is  so  much   mathematics  in  t\x^ 
paper  that  it  is  a  little  beyond  me  to  read  it  here  in  a  minute, 
but  I  believe  it  comes  out  something  like  this:  that  metallic 
wear  costs  a  cent,  the  cost  of  coal  to  overcome  the  friction  is 
about  one-third  of  a  cent,  and  the  cost  of  the  oil,  at  15  cents 
per  gallon,   one-sixth   of  a  cent ;   the  metallic  wear  is  by  far 
the  greatest  factor.     I  suggested  this  method  to  two  other 
roads  who  wanted  some  other  way  of  testing  oil,  rather  than 
testing  it  in  the  laboratory.     They  tried  it,  but  they  met  this 
difficulty,  that  the  greatest  wear  was  endwise  on  the  brasses, 
The  collar  of  the  journal  cut  in,  and  that  prevented  using  it  as 
an   every  day  test.     Mr.  Randolph,  I  think,  avoids  that,  be- 
cause he  has  a  very  light  service,  but  it  establishes  the  fact 
that  the  great  element  is  metallic  wear,  the  second  the  coal, 
and  the  last  the  oil.     I  believe  Dr.  Dudley,  of  Altoona,  was  the 
first  to  discover  this  fact 

Mr,  G  J.  H.  Woodbury. ~ThQ  actual  determination  of  the  co- 
efficient of  friction  of  lubrication  by  direct  measurement  is,  in 
the  nature  of  things,  a  laboratory  test  requiring  a  great  deal  of 
delicacy.  The  differences  in  physical  condition  of  pressure, 
temperature,  velocity,  and  the  relative  abundance  of  lubricant 
all  modify  the  results,  and  even  when  these  results  are  accu- 
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i*teW  obtained  they  pertain  merely  to  the  coiiditiona  of  the 
test,  and  not  to  the  exact  conditioDa  under  which  the  lubricant 
U  osei 

Several  jears  ago  I  mnde  a  number  of  examinations  of  the 
trictious  of  variouB  journals  by  the  us©  of  two  thermometers,  a 
malliod  which  I  adopted  at  the  suggestion  of  Mr.  Edward 
AliiiKoii,  and  referred  to  in  a  paper*  on  the  subject  of  "  Meas- 
Mementa  of  Friction  of  Lubricating  Oils,"  which  I  read  before 
tliisaociety  in  November,  1880.  The  apparatus  is  very  simple. 
A  bole  in  the  cap  of  the  jouraal  contained  a  very  thin  copper 
tuba,  oIoBed  at  the  lower   end  and  reaching   to  the  shaft.     A 
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sotall  amount  of  water  was  placed  in  the  tube  and  the  ther- 
mometer bulb  inserted  therein.  A  second  thermometer  hang- 
ing in  the  air  near  to  the  journal  gave  the  data  for  learning 
the  increase  of  temperature  due  to  the  friction  of  the  jouruai, 
and  from  this  was  dedoced  the  relative  friction  of  various 
labricants  and  different  methods  of  lubrication. 

At  the  Paris  Exposition,  in  the  exhibit  of  the  Compagnie  des 
ChemiuB  de  Fer  de  I'Est,  there  was  an  apparatus  showing  an 
identical  method  of  judging  various  labricants  used  on  the  car 
axles;  one  thermometer  reaching  to  the  cap  of  the  journal 
(PigB.  93  and  93),  and  the  other  to  the  oil  beneath. 

•  Tmos.  a.  8.  M.  E.,  Vol.  I.,  page  78,  No.  VII.  ~ 
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Mr.  T.  R.  Almond. — In  considering  this  Bubject  it  seems  to  ma 
very  necessary  that  the  exact  condition  of  the  bearing  Bhoold 
be  thoroughly  well  known.  I  have  had  several  occasions  to 
notice  what  quite  surprised  me.  I  make  a  device  for  trans- 
mitting motion  at  right  angles,  and  some  of  the  machines 
after  they  are  put  up  and  started  wiU  get  so  hot  that  the  oil 
will  boil  inside  of  them,  and  the  question  has  been  what  was 
the   cause  of  it      That  has  been  something  very   difficult    to 
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find  oat,  but  I  finally  discovered  that  the  reason  why  the 
oil  got  hot  was  because  the  bearings  would  bear  slightly 
to  one  side,  as  it  were,  and  create  a  sort  of  wedging  tendency 
hardly  perceptible  ;  but  an  amount  of  scraping  in  the  bearings 
equal  to  one  or  two  thousandths  of  an  inch  would  be  snfficient' 
to  bring  the  machine  down  to  the  condition  where  there 
would  be  no  further  heating,  I  have  it  very  well  fised  in  my 
mind  now,  that  in  considering  any  subject  of  ihis  hind  we 
should  pay  very  careful  attention  to  the  character  of  the 
surfaces  in   contact     The  quality  of  the   lubricant  cannot  be 


COST  OF  LUBRICATING   CAR  JOURNAIS,  133 

determined  until  we  thoroughly  know  that  the  surfaces  in  run- 
ning contfict  are  perfect. 

Mr.  W.  S.  Ei)(/ers. — In  tbia  test  on  that  cjir  I  think  the  alignment 
was  ail  right.     I  have  had  some  experience  with  hot  boxes,  and 
I  can  bear  ont  what  Professor  Denton  aays  in  regard  to  sand- 
paper.    It  ia  customary  on  a  good  many  Northwestern  roads, 
among  trainmen,  when  they  get  a  hot  box  and  it  bothers  them 
considerably,  to  take  out  all  the  lubricant  and  packing  and  fill 
np  the  box  with  fine  sand  and  run  it  about  fifteen  miles,  and  then 
let  it  cool.     Then  they  pack  it  with  good,  nice  tallow,— if  they 
cannot  get   that  somebody  will  go  and  buy  tallow  candles  at  a 
country  grocery, — and  it  doesn't  bother  them  any  more.     But  I 
found,  in  my  experience  on  the  Baltimore  &  Ohio  Boad,  where 
we   had  a   great  many  hot  boxes,  and  a  very  good  lubricant, 
that  we  had  very  poor  brasses,  and  our  own  solution,  when  we 
got  into  trouble  with  our  hot  boxes,  was  to  steal  brasses  from 
the  Lake   Shore    Boad       (Of    course    the   officials   were    not 
cognizant  of  our   little   scheme.)     I   think   the  quality  of  ma- 
terial in  the  "  brass  "  itself  has  equally  as  much  to  do  with  a 
thoroagh  test  as  the  lubricant. 

Mr.  John  Dirk.—\  am  familiar  with  an  experiment  tried  with 
jmrp  copper  bearings.  Two  bo\es  were  raiide  fi-oni  the  regular 
patterns  and  put  under  the  tender  of  a  heavy  freight  engine,  and 
also  two  new  boxes  of  the  regular  brass  mixture.  All  were 
carefully  weighed  before  and  after  the  teat.  These  were  run 
six  hundred  miles,  and  at  the  end  of  the  test  the  copper  bear- 
ings were  found  to  have  worn  less  than  the  others,  the  journals 
were  in  better  condition,  and  these  journals  were  oiled  only 
once  in  two  hundred  miles,  giving  no  trouble  from  heating. 
The  other  journals  required  to  be  oiled  frequently,  and  heated 
more  or  less  all  the  time,  which  latter  experience,  I  believe,  is 
common  to  aU  railroads,  particularly  on  tender  bearings. 

Mr.  L.  S.  Randolph*— In  the  experiments  mentioned  there 
was  very  little  end-wear  of  the  brasses,  or  not  enough  to  be 
measured  accurately.  Where  there  is  much  it  is  measured 
tnd  the  calculated  amount  allowed  for.  Usually  this  can  be 
done  within  the  limit  of  error  of  the  ordinary  scale& 

There  is  another  point  in  the  theory  of  the  action  of  cool- 
ing compounds,  which  is  that  the  solid  ingredient  fills  up  the 
TOQgb  places.     Plumbago  seems  to  a6t  in  this  way  as  well  as 
*  Author's  Clc-ure,  under  tlie  RiiIeB. 
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soapstone,  although  the  latter  often  seems  to  act  as  Mr.  I>eii- 
ton  states. 

It  has  been  the  ordinary  custom  always  to  run  duplicate 
tests  as  in  this  case,  the  average  being  taken.  Where  there  is 
a  great  discrepancy  between  the  results  gained,  an  investiga- 
tion always  shows  some  marked  difference  in  the  conditions. 
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PBILOSOPHY  OF  THE  MVLTI-CYLIXHER,  OR  COM- 
POUSD,  ENdlXE;  ITS  THEORY  AND  ITS  LIMI- 
TATIONS. 

ST  B.  H.  favaaias,  itoaga,  h.  t. 

(Member  ol  Ihe  Sodety  and  Put  PceelileiiL) 

Webe  it  possible  to  construct  a  steam-engine  of  wliich  the 
theory  elioiild  be  a  tliermotlynamic  one,  an  engine  in  wliicli  the 
only  waste  of  energy  sliould  be  that  known  ab  the  ncceasary  ther- 
modyiiainic  lose,  its  theory  would  be  most  eiinple  and  most  satis- 
factory. The  efficiency  of  the  engine  and  the  quantities  of  heHt, 
&team,  and  fuel  demanded  for  its  operation  at  a  given  power,  wonld 
be  simple  functions  of  the  physical  properties  of  the  steam  and  of 
its  ratio  of  expansion.  The  engineer,  in  eonstrncting  its  theory, 
wonld  only  concern  himself  with  the  quantity  of  heat  imported 
iuto  the  machine,  the  temperatures  of  the  initial  and  terminal 
portions  of  the  expansion  line,  and  the  relation  of  initial  to  back 
pressures.  As  was  well  stated  by  Rankine,  a  generation  ago, 
nearly,  the  essential  facts  are  the  magnitudes  of  the  preesures  and 
volumes  of  the  steam  and  the  extent  of  adiabatic  expansion,  and  it 
matters  not  whether  the  engine  be  one  of  a  single  cylinder  or  a 
multi-cylinder  engine  of  indefinitely  extended  complexity.  For  this, 
the  ideal  case,  as  the  writer  has  been  accustomed  to  call  it,  the 
indicator  diagram  represents  precisely  the  amount  of  transforma- 
tioa  of  heat-energy  into  mechanical  work,  and  the  ratio  of  its 
measure  in  nnits  of  work  to  the  mechanical  equivalent  of  the  total 
quantity  of  heat-energy  supplied  to  the  engine,  while  doing  that 
work,  is  the  measure  of  the  efBciency  of  the  engine,  as  it  is  of  the 
thermodynamic  efficiency  of  the  working  fluid.  The  thermody- 
namic efficiency,  the  dynamic  efficiency  of  the  machine,  and  the 
total  efficiency  of  the  engine  are  here  identical. 

To  ascertain  how  mnoh  heat,  steam,  and  fuel  are  demanded  by 
such  an  engine  for  the  performance  of  work,  it  is  only  necessary 
to  measore  the  quantity  of  work  done  by  the  steam  upon  tlie  pis- 
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ton,  a8  shown  by  the  indicator,  and  to  divide  this  quantity  by  tL  :» 
energy  received  by  the  engine  from  the  boiler ;  the  quotient      i 
the   efficiency  of   the   engine.     As   the  operation  of  the  engir~i€ 
approaches  more  nearly  the  conditions  of  best  effect,  the  magni- 
tude of  this  measure  of  e£Sciency  approaches  a  limit  which    i^ 
expressed  by  the  quotient  of  the  range  of  temperature  worked^ 
through  to  the  absolute  temperature  of  the  working  fluid  at  en- 
trance into  the  engine.     Were  all  heat  received  (•x)uipletely  util- 
ized,  and   the   full   thermodynamic  equivalent  realized  in  work 
performed,  the   quantity  of  steam  demanded  per  hour  and  per 
horse-power,  under  the  conditions  now  common  in  practice,  as  to 
initial  and  final  temperatures,  the  engine  being  assumed  perfect, 
structurally,  would  be  about  two  and  a  half  pounds,  for  efficiency 
unity,  or  not  far  from  ten  pounds  for  the  best  real  cases,  no  wastes 
occurring.     The  excess  of  the  actual  consumption  of  fuel,  in  the 
best  engines,  above  this  last  figure  measures  the  sum  of  all  wastes 
in  real  engines  due  to  imperfections  other  than  of  thermodynamic 
cycle.     Thus,  the  best  work  of  the  compound  mill-engine  may  be 
taken  as  about  sixteen  pounds  of  steam  per  horse-power  and  per 
hour,  where  the  thermodynamic  efficiency   is,  as  just  assnmed, 
about  twenty-five  per  cent.     The  wastes  amount,  in  this  case, 
therefore,  to  about  six  pounds  per  horse-power  and  per  hour,  or 
sixty  per  cent,  of  the  ideal  consumption.     This  comparison  is 
easily  made  by  a  method  fii*st  presented  in  full  by  Kankine,  a 
generation  ago,  and  which  enables  the  thermodynamic  efficiency 
to  be  easily  computed  for  any  given  case.*     Examples  will  be 
presently  given  of  its  application. 

The  Wastes  of  the  Steam-Engine  comprehend  two  principal 
classes:  the  external  and  the  internal  wastes;  and  these  latter  are 
of  two  distinct  kinds.     We  may  classify  them  thus:  — 

(1.)  External  wastes ;  consisting  of  those  losses  of  heat  without 
transformation,  which  are  produced  by  the  conductivity  and  the 
radiating  power  of  the  materials  of  which  the  heated  parts  of  the 
engine  are  composed.  Ileat  which  might  otherwise  be  utilized  by 
conversion  into  mechanical  energy,  is  conducted  or  radiated  to  the 
adjacent  parts  of  the  engine  and  to  surrounding  objects. 

This  form  of  waste  is  of  small  amount,  comparatively,  and  can 
readily  be  kept  down  to  an  unimportant  proportion  of  the  heat 
supplied  from  the  boiler  by  properly  covering  exposed  parts  of  the " 


*  The  Steam-Engiue  aud  other  Prime  MoTers,  pp.  888-412. 
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ei^ne  witJi  iion-condimtiDg  covering.  Five  per  cent,  sbould 
pnilHliIr  represent  as  large  a  perceotage  as  is  to  be  reasonably 
expected  in  good  prai;tice. 

(1)  Internal  Wastee ;  consisting  of  two  parts  : 

(i.)  Themiodyiiaitiic,  unavoidable,  losses  of  heat  rejected  at  the 
lo»cr  limit  of  ternpemture  of  working  fluid  ; 

(l.)  ffustes  by  internnl  condiietion  and  Btorage  of  heat,  followed 
\)j  litei'  rejection  with  the  exhaust  steam. 

To  tlifse  are  Co  be  added  : 

(3.)  Wastes  of  mechanical  energy. 

Of  tlie  losees,  tlie  first,  (a),  represented  by  the  fraction,  ae  a  inini- 

T, 
miii'i,  -s  <ff  the  heat  Eupplied,  ia,  for  any  given  set  of   initial  and 

Saal  tern peratn res  of  working  flnid,  a  fixed  and  irreducible  qnan- 
tilj,  sriil  one  which  measures  the  defect  of  efliciency  of  the  pertect 
engine  working  between  the  given  temperatures.    The  second,  {f>),  ia 
a4uantity  of  variable  amount,  capable  of  ameliomtion  by  one  or 
all  oCeevuntl  known  expedients,  and  reducible  from  the  enormous 
fmportion  observed  in  small  and  ill-designed  or  badly  constructed 
enp'iiea  to  a  very  moderate  amonnt  in  large  engines  of  good  type. 
The  last  item,  (3),  is  one  which  is  seldom  large  in  good  constructions, 
»  compared  with  the  magnitudes,  at  least,  of  the  otiier  kinds,  and 
maj  in  some  cases,  by  careful  design,  good  construction  and  skilful 
Dunagement,  be  brought  down  to  less  than  five  per  cent,  in  non- 
eoiKfeDsing,  and  to  perhaps  ten   per  cent,  of  the  total  energy  in 
condensing,  engines  of  simple  forms  and  high  mean  working  pres- 
mrcs.    The  unavoidable  thermodynamic  waste  ts  rarely  less  than 
seventy-five  or  eiglity  per  cent,  and  tlie  internal  wastes  by  con- 
doction   and   storage   with    subsequent  rejection,  by    cylinder  or 
internal  condensation,  as  it  ia  customarily  called,  and  by  leakage, 
range  from  ten  per  cent.,  as  a  minimum,  perhaps,  to  twenty-five 
or  thirty  per  cent.,  in  good  engines,  to  fifty  per  cent,  in  many  cases, 
and  even  to  much  more  than  the  latter  proportion  in  exceptional 
cases.     It  is  this  which  constitutes,  ordinarily,  the  great  source  of 
loss  and  inefficiency  of  the  real,  as  distinguished  from  the  ideal, 
engine.     Leakage  in  well-built  engines  may  he  neglected  ae  unim- 
portant ;    but    internal   condensation   is   nsnally    both   serious   in 
amount  and  exti-emely  difficult  to  check  effectively. 

Since  it  is  easy  to  prevent  serious  losses  by  external  ti-ansfei-s  of 
heat,  by  leakage,  or  by  friction  of  engine,  and  since,  as  is  well 
understood,  the  thermodynamic  waste  is  unavoidable,  and  for  any 
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given  case  UDalterable  by  the  engineer,  it  is  obvious  that  the 
tion  in  which  he  must  look  in  his  endeavor  to  further  improve  th^ 
economical  performance  of  the  engine,  is  that  which  leads  towanS 
the  reduction  of  internal  wastes  bj'  cylinder  condensation. 

The  Method  of  Internal  Waste  by  Condensation,  as  is  now 
well  and  generally  known,  and  as  is  now  shown  by  all  authorities,* 
consists  in  the  absorption  and  storage  of  heat  in  the  metal  eon* 
stituting  the  internal  surfaces  of  the  cylinder,  at  the  commence- 
ment of  the  stroke,  and  to  an  extent  which  is  determined  by  the 
difference  of  temperature  at  the  moment  existing  between  the 
prime  steam  and  those  surfaces  which  have  been  exposed,  during 
the  exhaust  stroke,  to  the  cooling  influence  of  the  comparatively 
cold  steam  passing  into  the  condenser  or  into  the  atmosphere. 
This  stored  heat  is,  later,  rejected  during  the  terminal  portion  of 
the  expansion  period,  and  during  the  succeeding  exhaust  stroke, 
to  the  mass  of  steam  exhausted,  in  its  turn,  at  the  opening  of  the 
exhaust  passages.  The  quantity  so  wasted  varies  with  the  weight 
of  steam  worked  thermodynamically  each  stroke,  with  the  area  of 
surface  exposed  to  this  action,  with  the  period  of  exposure,  and 
with  the  range  of  temperature  worked  through  during  the  cycle. 
It  is  thus  always  an  increasing  proportion  when  the  ratio  of  expan- 
sion is  increased,  and  as  the  size  of  engine  doing  a  given  amount 
of  work  is  increased;  it  is  diminished  by  increasing  engine-speeds 
and  by  any  expedient  which  reduces  the  storing  capacity  of  the  in- 
terior of  tlie  cylinder.  Since  it  is  always  an  increasing  function  of 
the  ratio  of  expansion,  there  always  will  be  found,  in  any  engine 
and  under  any  given  conditions  of  operation  in  other  respects,  a 
point  beyond  which  further  increase  in  the  magnitude  of  that  ratio 
will  result  in  a  loss  by  cylinder  condensation  greater  in  amount 
than  the  gain  due  to  extended  expansion,  a  circumstance  which  has 
been  now  known,  for  many  years,  as  placing  an  early  limit  to  the  ex- 
pansion of  steam,  and  to  the  gain  to  be  anticipated  as  a  consequence.f 

The  method  of  variation  of  this  waste  was  qualitatively  deter- 
mined by  Clark  about  1850  ;  was  closely  gauged  bj'  him,  both  as 
to  magnitude  and  as  to  its  effect  in  limiting  the  ratio  of  expansion  ; 
was  quantitatively  investigated  by  Ilirn  and  by  Isherwood  after- 
ward, and  was  finally  made  the  subject  of  an  investigation,  under 

*  See  especially  the  workn  of  Clark,  Him,  Isherwood,  and  CotterUl,  and  more 
recently  of  Dwelshauvera-Dery. 

t  Tranp.  Am.  Soc.  Mecb.  Engrs.,  1882,  ct  seq. ;  Tranp.  N.  T.  Acad.  Sci.,  1882  ; 
Brit.  Assoc,  for  Adv.  Sci.,  1884  ;  Joura.  Franklin  Inat,,  15*82,  et  9eq, 
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the  jDpemsion  of  the  writer,  by  Meesre,  Gatoly  and  Kletsoh,  on  a 
plsn  Boheuied  out  by  the  vrriter  some  years  earlier,*  iii  -whicli  it  was 
endestored  u>  ascertain  with  some  degree  of  accuracy  the  method 
of  Tsiistion  of  the  waste  with  variation  of  each  o£  tlie  essential 
coniiitioM  affecting  and  determining  it.     Tbe  result  of  tliis  research 
ID  Iirief  wag  to  show  that  the  waste  varied,  in  tlie  eases  stndied, 
sensibly  as  the  square  root  of  tlie  ratio  of  expansion,  and  as  the 
lime  of  flspoaure,  and  was  snbject  to  a  very  slow  decrease  as  the 
preasurea adopted  increased,  the  engine  being  worked  condensing; 
deereaBing  about  twice  as  rapidly,  the  condenser  being  thrown  ofi.f 
Tsriarion  with  ratio  of  expansion  was  also  capable  of  being  ex- 
prtssed  with  great  accuracy  by  an  hyperbolic  expression,  the  pro- 
dnct  of  areas  of  snrface  exposed  up  to  the  point  of  cut-off  and  the 
percentage  of  condensation  being  found  sensibly  constant.     Under 
ordinsrj  working  conditions,  the  eteara  pressure  being  aliout  sixty 
poandepor  square  inch,  by  gauge,  tbe  cut-off  at  one-third,  and  tlie 
s]>eedof  piston  554  feet  per  minute,  and  of  i-otation  sixty-eight 
reTobdona,  the  condensation  was  about  one-third,  or  the  equiva- 
lent of  fifty  per  cent,  of  the  total  consumption  of  a  similar  engine 
bsfjng  a  non-conducting  cylinder,  and  thne  free  from  this  waste. 
Eednced  to  quantity  of  steam  and  of  heat  wasted,  per  square  foot 
j      of  enrfnce  exposed   to  point  of  cut-off,  per  minute  of  exposure, 
md  per  degree  of  range  of  temperature  between  prime  and  ex- 
hanst  steam.  Professor  Marks  finds  the   co-efficient   to   be   0.02 
pOQnde,  or  18  B.T.0.,  nearly,  a  resnlt  closely  confirmed  by  the 
investigationB  of   the  same  author,  taking  Hill's  experiments  for 
eomparison,  and  also  corroborated  by  the  later  work  of  other  invea- 
tigatorg. 

These  facts  and  laws  being  established,  it  becomes  possible  to 
determine  the  behavior  of  steam  entering  any  given  cylinder,  and 
its  method  of  working  and  of  waste  in  any  engine.  Common  ex- 
perience, as  well  as  theoretical  considerations  based  upon  the  in- 
Teetigations  already  made,  prove  that  it  is  impossible  to  expand 
steam  in  the  ordinary  single-cylinder  engine  with  satisfactory  gain 
of  e£Bciency  beyond  a  point  variable  with  the  conditions  assumed, 
hot  which  may  be  ronghly  taken  as  not  far  from  that  giving  a  ratio 
of  expansion  eqnal  to  about  one-half  the  square  root  of  the  steam 

'Jour,  FnDk.  IdbI.,  Oct.  and  Nov.,  ISSCi.  TranB.  Am.  Assoc,  for  Adr.  8cl. 
Abd  Arbor  Meeting,  188S. 

fThe  proportion  thos  wBated  Id  these  experimeiits  were  fiom  0.18  i^to  0.197 
^7.    Tbe  writer  takee,  for  rimllBi  cases,  e  nz  0.3  ^  Id  later  work. 
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pressure,  measured  from  vacmim  for  the  condensing  engine  of 
common  type,  or  as  measured  by  gauge  for  the  non-condensing  en- 
gine. The  waste  by  internal  condensation  increasing  as  the  point 
of  cut-oft  is  shortened  up,  the  loss,  after  a  time,  compensates  the 
gain  by  increased  expansion,  and  a  point  of  maximnm  economy  is 
passed  at  a  very  early  stage  for  the  older  types  of  engine  and  later, 
but  still  at  a  coniparatively  low  value  of  the  ratio  of  expansion,  for 
modern  engines.  For  example,  the  old  beam  engine,  such  as  was 
used  in  American  rivers,  or  in  the  coast  trade,  a  generation  ago 
(1850),  with  steam  at  twenty-five  pounds  by  gauge  and  a  low  pieton 
speed,  had  a  ratio  of  initial  to  back  pressure  plus  friction  of  about 
8  to  1 ;  but  its  best  ratio  of  expansion  for  efiiciency  of  fluid  was 
about  2  or  2^.  The  same  type  of  engine,  later,  with  twice  the 
pressure  per  gauge,  had  values  of  these  two  ratios  of  about  16  and 
4  or  5  respectively.  The  ratio  of  expansion  for  maximnm  eflS- 
ciency  of  working  fluid  was  thus  but  about  one-fourth  that  which 
thermodynamic  theory,  unqualified,  would  dictate.  As  engines 
have  been  improved  this  discrepancy  has  been  reduced,  but  it  still 
remains,  with  the  best  of  engines,  considerable. 

The  amelioration  of  Wastes  thus  becomes  an  important  mat- 
ter. It  thus  happens  that  the  efficiency  and  economy  of  operation 
of  the  single  cylinder,  the  "simple"  engine,  is  at  all  times  limited 
by  this  very  serious  internal  waste,  and  the  question  which  all 
engineers  sinc*e  Watt  have  been  endeavoring  to  solve,  is:  In  what 
manner  may  we  best  proceed  to  eliminate  or  ameliorate  this  loss? 
The  three  methods  which  have  been  found  advantageous,  and,  in 
special  cases,  fairly  effective,  are : 

(1.)  Superheating; 

(2.)  Steam  jacketing; 

(3.)  "Compounding." 

It  is  evident  that,  if  the  steam  can  be  introduced  into  the  engine 
at  such  a  temperature  that  the  cooling  action  of  the  metal  of  the 
cylinder  will  not  cause  its  condensation  initially,  and  the  stroke 
may  be  performed  without  condensation  in  consequence  of  doing 
work,  no  loss  of  heat  from  the  cylinder  can  take  place  by  re-evapo- 
ration ;  and  if  no  such  loss  occurs,  the  waste  of  heat  at  entrance,  in 
turn,  by  initial  cooling,  will  be  reduced.  Superheated  steam,  also, 
is  a  non-conductor  and  a  non-absorbent  of  heat,  precisely  like  the 
permanent  gases.  It  is  thus,  also,  less  liable  to  this  waste.  Bnt  it  is 
found  in  practice  that  superheating  beyond  a  very  moderate  degree, 
perhaps  100  degrees  Fahrenheit,  is  inadvisable  on  account  of  risks 
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oC  iujiiry  to  engines  and  cost  of  i-cpairs  to  SBperheater,  wliicli  more 
tluui  compensate  its  advantages.  It  lias  come  to  be  regarded  as  an 
*DsilUry  in  economizing,  not  na  a  i-emedy  for  interior  waetee. 

Steam-jaciftinff  is   anotlier   and  a  common  partial  remedy  for 
this  vs»le.     By  surrounding  the  steam-cylinder  with   tlie  steam- 
jacket,  it  ig  possible  to  produce,  in  pHrt,  tlie  effect  of  superheating ; 
tlim  ia,  to  secure  dryer  steam  in  the  engine  throughout  the  stroke. 
Thonmonnt  of  re-evaporation,  dcring  the  period  succeeding  cuN 
"fl  and  lip  to  the  closure  of  the  exhati^t-valve,  and  the  quantity  of 
liest  of  which  the  cylinder  is  thus  robbed,  measures  the  amount  of 
initial  condensation  and  waste  and  tho  weight  of  steam  which  must 
I        be  Biipfilied  in  excess  of  the  tliermodynainic  demand  to  compensate 
I        tliat  W.    The  effect  of  the  addition  of  a  steam-jacket  depends 
upon  t!ie  conditions  of  operation  of  the  engine,  largely,  and  it  may 
'        be  productive  of   marked  advantage,  or,  under  unfavorable  con- 
diliong,  of  no  important  useful  effect.     With  steam  initially  dry 
or  anptrheated,  the  jacket  ia  probably  always  decidedly  helpful; 
lint  nilli  wet  steam  it  is  of    comparatively  little  value,  even  if 
not  sometimes  a  positively  wasteful  adjunct.     High-speed  engines 
derive  ]^«  advantage  from  its  application  than  slow-iuoving  ma- 
etiines;  and  compound,  or  multi-cylinder  engines,  are  less  depend- 
ent njKdi  it  for  economy  tliau  are  simple  engines.     The  saving 
effected  in  ordinary  cases  by  its  use  may  be  taken   as  averaging 
ordinarily  in  mill  engines  about  20  per  cent.;   and  about  the  same 
gsiii  is  attained  by  effective  superheating  within  the  usually  prac- 
tiiailile  range.     The  two  devices  in  conjunction  may  be  expected, 
perlidpB,  to  give  a  gain  of  something  like  30  per  cent,  as  compared 
villi  the  standard   forms  of   unjacketed  simple   engine  working 
with  slightly  wet  steam.     The  addition  of  either  expedient  to  the 
latter  practice,  if  properly  performed,  considerably  increases  the 
magnitude   of  the  ratio  of  expansion   at  maximum  efficiency  of 
flnid.    Where  it  wonld  ordinarily  be  approximately  equal  to  one- 
lialf  the  square  root  of  the  pressure,  as  above,  it  might  become, 
with  eopcrheating  or  with  steam  jacketing,  a  figure  as  much  as  30 
or  40  per  cent,  higher;  and  both  expedients  together  might  nearly 
double  the  profitable  ratio  of  expansion.     The  assumption  is  com- 
mouly  made  that  the  superheating  ia  retained  throughout  the  stroke 
lud  that  stoam-jacketing  may  be  relied  upon  to  keep  the  working 
charge  dry  and  eaturated  throughout  the  stroke;  but  neither  of 
these  hypotheses,  as  employed  in  the  theory  of  the  engine,  is  prac- 
tically correct. 


142  PHILOSOPHT  OF  THE  MULTI-GYLINDEB,  OB  OOMPOUNB,  BNGINE. 

"  Compounding^^^  or  the  use  of  the  multi-cjlinder  engine,  i  -a 
which  the  steam  exhausted  from  one  cylinder  is  again  worked  in 
succeeding  one,  is  the  most  familiar  of  devices  for  extending  tl^i 
economical  range  of  expansion  and  increasing  the  efficiency  of  ifcai 
engine.     The  limit  to  the  useful  extension  of  the  expansion  oi 
steam  in  a  single  cylinder  is  found  to  be  determined  by  the  magai-' 
tude  of  the  wastes  incurred  in  the  operation  of  an  engine  of  whicl 
the  working  cylinder  is  a  good  conducting  material.    Any  method 
of  reducing  this  waste  of  heat  internally  will  enable  the  efficiency 
of  the  engine  to  be  increased  by  further  profitable  extension  of  the 
ratio  of  expansion.     Common  experience  with  the  best  construc- 
tions, and  considerations  which  need  not  be  here  reviewed,  show 
that  the  engineer  may  reasonably  expect,  by   good  design,  con- 
struction and  management,  to  secure  an  economy  of  steam  which 
is  fairly  measured  by  the  following  table,  the  ratios  of  expansion, 
r,  taken  being,  for  each  case,  those  which  give  best  results  for  a 
given  engine :  * 

Steam  pee  Horse-power  per  Hour, 

at  best  ratios  of  expansion  in  best  engines. 

r  8  4  5  6  7  8  10.  12  16  20  25  60  75 
lbs.  82  27  25  22  20  20  19  17  16  15  15  11  9 
kgs.   15    12    11    11      9      9      9      8      7      7      7      5      4 

and  ten  per  cent,  better  figures  than  some  of  these  have  been  ac- 
tually reported  iii  peculiarly  favorable  cases. 

Assuming  it  to  be  possible  to  divide  the  waste  due  to  cylinder  con- 
densation and  leakage  by  two  or  more,  it  is  evident  that  the  limit 
to  economical  expansion  and  transformation  of  heat  into  work  will 
be  set  correspondingly  further  away.  This  is  precisely  what  is  done 
by  the  multi-cylinder  engine.  The  internal  wastes  are  reduced 
approximately  to  those  of  a  single  cylinder,  and  the  gross  per- 
centage of  waste  is  made  less  in  the  proportion  of  this  division. 
Tlie  heat  and  steam  rejected  as  waste  by  internal  transfer  without 
transformation  from  the  first  cylinder,  is  utilized  in  the  second 
nearly  as  effectively  as  if  it  were  received  directly  from  a  boiler  at 
the  pressure  of  rejection  from  the  first  cylinder.  In  so  much,  there- 
fore, as  the  pressure  can  be  increased  and  the  increase  utilized  by 
the  addition  of  another  cylinder,  gain  is  secured.     If  the  total 

*  Several  Efficiencies  of  the  Steam  Engine  ;  Traus.  A.S.M.E.,  and  Jour.  F. 
Inst.,  1882. 
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ntloof  expanaion  can  thus  be  raised,  under  the  beet  working  con- 
ditioDB  for  each  c»8e,  from,  we  will  say,  four  up  to  eight,  we  ehould 
hope  » Becnre  a  reduction  of  coal  eoneumed  from  two  and  a  half, 
He  will  8aj,  to  two  pounds  per  lioree-power  and  per  hoar,  which  18 
(bom  the  average  tignre  in  good  practice. 

The  practical  qnestiuns  thus  meet  the  engineer :  To  what  estent 
caitliia  principle  be  availed  of?  What  range  of  pressure  and  what 
ratio  of  expansion  ehould  be  assigned  to  a  single  cyliuder?  and 
iiOTiDsny  cylinders  should  be  adopted  to  give  best  results  with 
tiie  Lighcet  eteaui  pressure  practicable  for  a  specified  case  i  Cum- 
EKjn  experience  aids  in  solving  this  problem  by  showing  that  the 
Terj  tiest  resalta  are  ordinarily  obtained,  in  each  class  of  mulli- 
cvlinder  engine,  when,  the  engine  being  properly  designed  for  its 
work,  terminal  pressure  for  the  syBtem  can  be  economically  made 
Bometbing  above  the  aum  of  back  pressure  in  the  low  pressure 
cylinder,  plus  friction  of  engine.  This  total  may  be  usnallj  taken, 
probably,  at  about  eight  or  ten  pounds  above  a  vacuum.  The 
latter  figure  will  be  here  assumed. 

The  Fundamental  Phingiples  are  now  easily  jierceived.  There 
»re  tliree  main  facts  upon  which  to  base  onr  theory  of  the  multi- 
cylinder  engine.     These  are: 

(i.)  Economical  easpaTision  in  a  singls  cylinder  has  a  limit,  due 
to  increaniig  internal  wastes,  which,  is  _fcmnd  at  a  comparativel/y 
low  ratio  of  expansion. 

(2.)  The  method  of  expansion  may  he,  for  practical  purposes, 
tack  as  are  here  in  view,  taken  to  he  approximately  hyperbolic; 
the  terminal  pressure  being  something  ah&ve  that  which  corresponds 
to  the  sum  of  all  useless  resistances,  and  which  may  be  here  taken, 
at,  for  example,  about  ten  pounds  per  square  inch  above  a  vacuum.. 
The  division  of  the  initial  pressure  by  this  terminal  pressure  will 
dA'w  give  an  approximate  measure  of  the  desirable  ratio  of  total 
e!g>ansionfor  the  best  existing  engines. 

(3.)  AH  steam  entering  any  one  cylinder  will  he  r^ected,  as 
Bleam,*  into  the  succeeding  cylinder;  external  wastes  being  neglected, 
and  into  the  condenser  ;  and  the  full  amount  of  steam,  condensed 
'  at  entrance  l/y  absorption  of  heat  by  the  interior  swrfaces  of  the 
cylinder  will  he  re-evaporated  later,  and  wiU  pass  into  the  con- 
denser or  into  the  next  cylinder,  and  heat  transferred  in  the  one 

* Tbla  the  wriUr  wonld  denominate  Hiro'a  principle.  See  a  paper  by  Dwel- 
duDven-Derr  In  the  BuO^n  <U  la  SooiiU  IndvririeUe  de  Midhouie,  Oct. ,  1686, 
on  tha  theotj  of  slugle^cylindH  engine. 
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direction^  in  the  one  process^  wiU  he  transferred  in  precuiely  equa 
amount  in  the  opposite  direction  in  the  other. 

Tliis  last  point  is  a  very  important  one,  and  is  very  easily  estate- 
lislied.  The  cylinder,  when  in  steady  operation,  is  neither  per- 
manently heated  or  permanently  cooled;  no  progressive  heatini^ 
can  go  on,  as  it  would,  in  that  ease,  become  heated  above  the  tem- 
perature of  the  steam  and  become  a  superheater ;  no  progressive 
cooling  can  occur,  since,  in  that  case,  the  cylinder  would  become  t 
condenser  of  indefinite  capacity.  It  must,  therefore,  transfer  to 
the  next  element  of  the  system  all  the  heat  which  it  receives, 
assuming  that  external  radiation  and  conduction  may  be  neglected 
and  that  the  Kankine  and  Clausius  phenomenon  of  internal  con- 
densation, by  transformation  of  heat  into  work,  is  ignored.  It 
also  further  follows  that  the  introduction  of  one  or  of  many  cylin- 
ders between  the  terminal  element  and  the  boiler  does  not,  throagh 
cylinder  condensation,  affect  the  operation  of  the  latter  cylinder, 
however  great  that  condensation  may  be,  provided  the  operation 
of  the  added  elements  is  effected  by  raising  the  steam  pressure 
commensurately,  leaving  the  final  element  of  the  series  the  same 
initial  pressure  as  before.  The  total  waste  by  this  form  of  loss  is 
thus  evidently  measured,  in  the  case  of  the  multi-cylinder  engine, 
by  the  maximum  waste  in  any  one  cylinder.  If  all  are  equally 
subject  to  this  loss,  the  rejected  steam  of  re-evaporation  from  any 
one  ej-linder,  as  the  high-pressure  cylinder,  supplies  precisely  what 
is  needed  to  meet  the  waste  by  initial  condensation  in  the  next ; 
and  so  on  through  the  series.  Thus  the  use  of  a  series  of  cylin- 
ders, in  this  mariner,  divides  the  total  waste  for  a  single  cylinder, 
approximately,  at  least,  by  the  number  of  cylinders;  and  it  is  in 
this  manner  that  the  compound  system  gives  its  remarkable  increase 
of  efficiency.  As  stated  by  the  writer,  many  years  ago,  "  The  serious 
losses  arising  from  condensation  and  re-evaporation  within  the 
cylinder,  and  which  place  an  early  limit  to  the  benefit  derivable 
from  expansion,  affect  both  types  of  engine,  and  so  far  as  seems 
now  known,  equally;"  *  but  the  modern  type  permits  the  inter- 
ception of  the  heat  wasted  from  one  cylinder,  for  utilization  by  its 
successor,  in  such  manner  that  the  total  waste  becomes,  practically, 
that  of  the  low-pressure  cylinder  alone.  If  any  one  cylinder  wastes 
more  than  another,  the  total  waste  is,  as  above  stated,  measured 
more  nearly  by  the  loss  in  the  most  wasteful  member  of  the  system. 

Thus  the  three  principles  which  have  been  above  enunciated 

*  Vienna  Report,  ISTs! 
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IBlssas  of  constructing  a  philoBopliy  o£  the  iimiti-eylindcr 
AlVliick  will  meet  the  esHentiul  needs  of  the  designer  and  of 
'   tht  itiideut  of  its  theory.     The  tiret  principle  shows  that  a  limit 
eiieting  Ui  economical  expansion  in  a  single  cylinder,  the  ndvisable 
Bamberof  cylinders  in  scries  may  probably  be  determined,  when 
lh»t  limit  is  ascertained,  either  by  experiment,  by  general  experi- 
ence, or  by  rational  theory  and  computation.     The  second  principle 
iho¥8tiiitt  we  may  find  a  tentative  ineasure, at  least, of  the  desirable 
total  ratio  of  expansion  for  maximnm  density,  when  the  best  ter- 
minal presnare  for  the  chosen  type  of  engine  is  Bcttled  upon.     This 
total  range  is  divided  by  the  admissible  range  for  a  tingle  cylinder, 
or,  perlispa  better  stated,  the  total  ratio  is  a  quantity  which  eliould 
appruKimately  eijual   the  admissible   ratio  for  a  single  cylinder, 
raiswi  lo  1  power  denoted  by  the  nnmber  of  cylindei-a.     Combining 
tiiiia  llie  t«'o  considerations  referred  to,  we  obtain  a  determination, 
firubsWy  fnirly  approximate,  of  the  proper  number  of  cylindora  in 
teriet.    Tiie  third  prim-iple  permits  an  estimate  to  be  made  of  the 
pwlable  internal  wastes  of  the  series,  and  the  probable  t<ital  expen- 
ditore  of  heat  and  of  steam,  and   a  sfjliition   of  all  problems  of 
efficiency  for  the  componnd  engine,  of  whatever  type. 

Tiie  first  step  in  the  process  is  evidently  the  determination  of 
liie  tiest  ratio  of  expansion,  nnder  the  assumed  conditions  of  opera- 
tion aod  for  the  given  type  of  engine,  lor  a  single  cylinder ;  then 
the  best  ratio  of  expaosiou  for  the  fieries,  ail  things  considered, 
this  study  being  made  from  the  financial  standpoint,  as  must  bb 
every  problem  which  the  engineer  is  called  upon  to  solve.  It  is 
not  the  thermodynamic,  nor  the  fluid,  nor  even  the  engine  effi- 
ciency, which  must  be  finally  allowed  to  fix  the  best  ratio  of  expan- 
•ion ;  bnt  it  must  be  the  ratio  of  expansion  at  maximum  commercial 
efficiency,  that  which  will  malte  the  cost  of  operation  at  the  desired 
power  a  minimum  for  the  life  of  the  system.*  The  total  ratio 
being  settled  upon,  and  that  allowable,  as  a  maximnm,  for  the 
single  cylinder,  it  is  at  once  easy  to  determine  the  best  number  of 
cylinders  in  series.  The  first-mentioned  ratio  is  that  at  maximum 
commercial  efBciency,  as  just  stated ;  but  the  second  must  be  taken 
as  that  which  gives  the  highest  efficiency  of  engine,  the  back- 
pressure in  that  cylinder,  and  the  friction  of  the  cylinder  taken 
singly,  being  considered,  together  with  its  proper  proportion  of  the 
friction  of  the  engine  as  a  whole. 

*  See  papers  hj  fhe  writer  on  tbe  efflciencka  of  eoginea,  fta  per  teferfncea 
ilR«d7  given. 
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Studying  the  method  of  distributions  of  waste  among  the  » 
eral  cyh'nders  of  the  mnlti-cylinder  engine,  it  will  be  obecrred  \l 
since  the  pressures  increase  more  rapidly  than  the  tem]>erato] 
the  range  of  temperature  in  the  high-pressure  cylinder  is  greate 
while,  the  same  weight  of  steam  passing  through  the  whole  ser 
the  low-pressure  cylinder  presents  the  largest  area  of  condena 
surface  in  pioportion  to  steam  used.  These  differences  are  t 
certain  extent,  though  not  M'holly,  compensatory.  It  may 
assumed,  however,  without  serious  error,  that  the  necessity 
apply! fig  jackets  or  other  methods  of  reducing  internal  wastes,  "^ 
apply  substantially  as  imperatively  to  one  cylinder  as  to  anoti 
and  that  the  adoption  of  a  common  ratio  of  expansion  for  botk 
all  cylinders,  or  of  apportioning  the  ratios  with  reference  to 
equal  division  of  power  among  them,  will  be  found  perfe^ 
admissible  and  will  introduce  no  serious  avoidable  loss.  Anth 
ties  have  greatly  differed  in  their  views  as  to  the  relative  adii 
tage  of  jacketing  one  or  another  cylinder ;  but  it  is  at  least  safi 
jacket  all,  and  probably,  as  above  indicated,  best  to  do  so.  1 
importance  of  the  jacket  evidently  becomes  less  as  other  exp* 
ents  for  reducing  wastes  of  this  kind  are  adopted  and  are  la 
more  effective ;  as  by  increasing  speed  of  engine,  by  superheat! 
by  reheating  between  cylinders;  and  cases  may  be  imagined 
which  the  jackets  may  cease  to  have  sufficient  value  to  justify 
acceptance  of  the  risks  and  expense  incurred  in  their  employm< 
The  same  is  true  of  the  more  complicated  forms  of  valve-g 
needed  to  secure  an  approximation  to  the  ideal  distribution 
steam. 

The  extent  to  which  expansion  may  be  economically  carried 
a  single  cylinder  will  vary  somewhat  with  the  initial  tempc 
ture  and  pressure,  and  with  the  physical  condition  of  the  work 
fluid  ;  but  it  may  be  taken  as  ordinarily  not  less  than  two-an 
half  expansions  for  un jacketed  engines  with  wet  steam  and  thret 
four  for  the  better  class  of  engines.  The  total  expansion  ratio  t 
becomes,  for  several  types  of  multi-cylinder  engines,  as  below : 

MULTI-CYLINDEB  ENGINES. 

No.  cylP.  1  2  8  4 

r  2.5  to  3  6.25  to  9  16  to  27  40  to  81 

Pi  25  to  30  lbs.  60  to  100  lbs.        120  to  300  lbs.      850  to  800 

Expansion  is  here  assumed  to  be  approximately  hyperbolic,  i 
the  terminal  pressure  to  be  eight  or  ten  pounds  per  square  it 
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SeBenil  esperieoce  to  date  thas  iodicates  that  a  triple  expansion 
es|)neeIion]d  do  best  work  up  to  a  preseiii'e  of  alxiut  250  or  300 
SDuiitiSod  that  the  fonr-cy Under  enffine  Bliould  be  adopted  from 
It  point  ap  to  the  higlieet  preBSiircs  likely  to  be  adopted  in  the 
■engine,  die  double  expaneioD  compound  serving  its  purpose 
lelow  the  lowest  figures  above  assigned  to  the  triple  engine, 
AiijQf  tlie  foar  types  of  engine  may  be  made  to  overlap  the 
Miige  assipned  its  labor  by  suitably  providing  against  wastes  occur- 
ring within  the  engine  by  intTeased  speed,  by  superheating,  by 
espc^ieiits  giving  biglier  effectiveness  to  tlie  jaeltets,  or  other 
titerhods  of  improvement.  Any  system  which  iuci-eases  the  effi- 
cient'? of  the  simple  engine  will  iinprovtj  the  elllcieney  of  the 
compound,  and  will  correspondingly  increase  the  range  of  pressure 
tliruiigh  wliicb  it  will  give  satisfactory  gain  as  compared  with  the 
twaer. 

Tlie  tBflnence  of  the  several  economical  expedients  recognized  as 
oaet'ul  in  other  forms  of  engine,  as  superheating,  jacketing,  and 
'I'^li  speed  of  engine,  may  readily  I>o  perceived  when  tlie  method  of 
Oftretion  of  the  multi-cylinder  engine  is  understood  in  its  relations 
•«  heat-tranafer  and  heat-transformation.  We  may  consider  tliem 
*1  their  order. 

Sdpeshkatino  the  steam  transferred  from  boiler  to  engine  re- 
mits in  the  supply  of  a  fluid  which  may  surrender  a  certain  portion 
<*f  heat,  measured  by  the  product  of  its  specific  heat  as  a  gas  into 
^h«  range  of  superheating  and  into  its  weight,  to  tlie  metal  of  the 
^■©rking  cylinder  without  the  production  of  initial  condensation. 
-^f  tliis  quantity  is  equal  to  or  greater  than  the  loss  of  heat  during 
^^pansion  and  exlianst,  there  will  be  no  initial  condensation,  and 
*^le  waste  from  the  high-pressure  cylinder  will  be  nearly  that  due 
^^3t)te  passage  of  a  gas  through  it  under  similar  conditions  of  tem- 
^E^ntnre  and  expansion,  a  comjiaratively  small  quantity,  since  any 
^B^betance  in  the  gaseous  state  possesses  low  conductivity  and  slight 
~S^wer  of  absorption  and  storage  of  heat.     Should  the  superheating 
^^  in  excess  of  this  amount,  the  steam  will  not  begin  to  condense 
"*antil  a  later  period,  perhaps  not  at  all,  the  only  demand  being  now 
^r  heat  to  supply  the  amouDt  required  to  keep  the  steam  dry  and 
^rtorsted  while  expanding  and  doing  work.     If  the  superheating 
^lewthan  the  first  mentioned  quantity,  initial  condensation  will 
^»rednced  but  not  entirely  prevented.     It  is  probably  never  the 
.  ^  in  practice,  that  it  is  possible  to  secure,  safely  and  economi- 
<^y,  eo  mnch  superheating  as  is  needed  to  keep  the  steam  dry 
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throughout  the  stroke.*    In  any  ease,  the  quantity  of  heat  repre- 
sented by  the  superheating  will  be  a  gauge  of  the  amelioration  <30 
wastes  by  internal  transfer  of  heat  in  every  cylinder  of  the  seriesu 
The  steam  leaving  the  high-pressure  cylinder  will  be  to  that  extents 
dryer  than  it  would  otherwise  be ;  and  this  will  be  true  of  the 
succeeding  cylinder  or  cylinders. 

Were  there  no  other  disappearance  of  heat  than  that  due  to 
cylinder  condensation,  superheating  at  the  first  of  the  series  wonld 
give  superheating  at  each  of  the  others.  In  so  far  as  condensation 
doing  work,  such  as  was  pointed  out  by  Eankine  and  Clausius,  takes 
effect,  and  so  far  as  other  wastes  by  transfer  without  transformation 
occur,  to  that  extent  will  the  gain,  as  observed  in  successive  pas- 
sages from  cylinder  to  cylinder,  be  reduced,  though  the  improve- 
ment of  the  working  conditions  above  asserted  will  be  none  the 
less  real.  Each  cylinder  will  have  wetter  steam  than  the  preceding, 
in  proportion  as  the  condensation  doing  work  and  the  losses  by 
conduction  and  radiation  increase,  as  a  total,  cylinder  by  cylinder. 
Superheating  at  the  high-pressure  cylinder  will  produce  a  favorable 
effect  all  through  the  series,  including  the  low-pressure  cylinder. 
Cylinder  condensation  will,  nevertheless,  cumulatively  increase 
through  the  series,  in  consequence  of  the  fact  that  the  wetter  the 
steam  entering  any  one  cylinder  the  more  the  condensation  and  the 
wetter  that  leaving  it,  both  by  this  initial  increase  of  humidity  and 
by  the  additional  moisture  coming  from  the  Kankine  and  Clausius 
phenomenon,  and  from  the  loss  by  transfer'to  surrounding  bodies. 
This  action  will,  however,  be  the  less  observable  and  the  le:»8  im- 
portant in  its  effect  as  the  moisture  of  the  entering  steam  and  the 
magnitude  of  tlie  waste  by  initial  condensation  become  greater. 
Tlie  more  nearly  the  total  proportion  of  water  in  the  mixtnre  ap- 
proaches one- half,  the  more  nearly  does  this  phenomenon  become 
a  vanishiuij  quantity.  It  may  probably  be  neglected  entirely  in 
the  computation  of  efficiencies  for  a  large  proportion  of  the  engines 
in  use,  without  introducing  sensible  error,  and  very  probably  may 
be  neglected  in  all  cases  without  invalidating  conclusions  reached, 
ignoring  it.  On  the  other  hand,  superheating  is  not  likely  ever  to 
produce  much  effect  upon  this  action.  Could  we  superheat  safely 
and  satisfiictorily  to  tlie  extent  of  doubling  the  absolute  tempera- 
ture of  the  steam  at  entrance  into  the  engine,  we  might  have  a 

♦  In  one  case  reported  to  the  writer  an  initial  superheating  of  500°  F.  was  re- 
quired to  give  50'  F.  superlieating  at  exliaust ;  100"  F.  has  usually  been  consid- 
ered a  practical  maximum  superheat. 
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Pinperbcsted  Bteam-eng'me,"  but  this  ia  not  jet  practicable,  and, 
Batil  it  bewmes  so,  it  is  not  likely  tliat  the  best  engines  will  entirely 
utilfy  oni'  theory  in  thia  respect. 

Srgiit  JACKETING,  the  expedient  devised  by  Jiiuies  Watt  for  the 
leiy  purpose  of  reducing  wastes  by  internal  condensation,  a  plie- 
Domenon  of  which  he  was  the  discoverer,  is  a  method  of  approxi- 
inalelT"keeping  the  cylinder  as  hot  as  the  steam  which  enters  it," 
u  IVnK  pnt  it,  in  order  that  no  such  chilling  of  the  entering  steam 
inav  occur.    We  are  interested  in  the  answer  to  the  question  :  To 
viist  extent  and  in  what  manner  is  the  jacket  advantngeous  in  the 
compomid  or  niniti-eylinder  engine?     Authorities  dinagree,  even 
wlitiretljey  have  theniselvia  bad  large  practical  experience.     It  is 
wnnelimea  advised  to  jacket  only  the  high-pressure  cylinder ;  some- 
liniw  tn  jacket  only  the  low-pressure  cylinder,  and  sometimes  to 
jutkettlie  whole  series,  whether  one,  two,  or  three  or  more.     Tlie 
pbiiowpliy  of  the  multi-cylinder  engine,  as  above  outlined,  would 
obviously  indicate  that,  to  secure  maximum  good  effect,  assuming 
tbe  jitcket  on  the  whole  desirable  at  all,  the  best  system  is  the  lat- 
ter, tnd  that,  since  the  waste  of  the  engine  is  measured  by  the 
ir»leuf  its  most  wasteful  member,  to  omit  the  jacket  from  any 
one  cyliudor  insures  that  the  aggregate  loss  of  heat  in  the  whole 
iJDgiue  will   be  inci-castid  by  just  the  amount  t>y  which  waste  is 
ineretiaed  in  that  one  cylinder  by  such  omission. 

The  rcsnlting  effect,  in  detail,  is  evidently  the  following: 
AsEnme  the  intermediate  cylinder  to  be  unjacketed.  That  cylin- 
der, being  exposed  to  a  wider  range  of  heating  and  cooling  action 
■G  it  alternatoly  takes  steam  and  exhausts  it,  is  subject  to  a  greater 
waste  by  internal  condensation  than  either  of  the  others ;  it  thus 
discharges  into  the  next  cylinder  an  equal  quantity  of  heat  and 
steam,  but  it  does  less  work  than  it  would  have  otherwise  done, 
and  to  that  extent  produces  decreased  efficiency.  Assume  the  high- 
pressure  cylinder  unjacketed,  it  demands  more  steam  from  the 
boiler,  as  it  condenses  a  larger  proportion  of  that  entering  by  this 
process  of  initial  liquefaction;  it  is  thus  itself  more  wasteful,  and, 
fartbermore,  transmits  to  the  succeeding  cylinders  a  larger  quan- 
tity, and  therefore  a  more  uneconomical  apportionment,  of  steam 
than  it  would  otherwise  have  released.  In  proportion  as  its  own 
efficiency  is  thus  reduced,  it  rednces  the  economical  working  of  the 
whole;  and,  in  proportion  as  the  ateam  rejected  from  it  is  a  less 
eoitiornical  storehouse  of  heat  for  use  in  the  other  cylinders,  they 
ire  in  turn   rendered   less   etBcient.     The  low-pressure   cylinder 
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being  left  iinjacketed,  it  becomes  more  wasteful  in  proportion  to 
the  increased  initial  condensation  thns  permitted,  and  the  whole 
system  is  again,  to  that  extent,  given  impaired  efficiency.  In 
neither  case,  however,  is  the  efficiency  of  the  engine,  as  a  whole, 
impaired  nearly  as  serionsly  aa  in  the  case  of  the  simple  engine. 
The  innTeased  loss  is  mainly  confined  to  the  single  cylinder  left 
nnjacketed.  It  is  readily  seen,  however,  that,  to  secure  maximnm 
efficiency,  it  is  as  essential  to  jacket  the  cylinders  of  the  com- 
ponnded  engine  as  that  of  the  simple  engine.  The  qnestion  which 
actnatly  arises  in  practice,  for  the  designing  engineer,  is  whether  it 
will^y  to  jacket  at  all  or  not.  It  can  at  once  be  seen  that  it  is 
not  as  important,  in  a  financial  sense,  that  the  multi-cylinder  engine 
be  jacketed  as  it  is  to  jacket  a  simple  engine  of  similar  range  of 
expansion.  The  valneof  the  waste  dne  to  omission  of  the  jacket 
is  less  as  the  number  of  cylinders  is  the  greater.  It  is  also  seen 
that  those  conditions  which  may  make  it  undesirable,  as  a  matter 
of  finance,  to  jacket  the  simple  cylinder,  make  it  still  less  desirable 
in  the  compound  or  mnlti-cylinder  engine.  As  piston  speeds  are 
increased,  for  example,  the  necessity  of  the  jacket  decreases  and 
the  limit  at  which  it  will  pay  to  dispense  with  it  is  sooner  reached 
in  the  mnlti-cylinder  than  in  the  single  cylinder  engine.  It  is  this 
principle  which  justifies  the  now  not  uncommon  practice  of  omit- 
ting jackets  from  marine  engines  which  are  driven  up  to  1,000  feet 
a  minute;  while  pumping  engines,  in  which  the  speed  is  always 
very  low,  must  always  be  jacketed  if  high  duty  is  demanded, 

Hkjii  kngine  SHEET),  the  most  modern  device  for  reducing  inter- 
nal wastes,  as  well  as  of  decreasing  costs  of  engine  construction 
and  weights  of  machine,  is  evidently  a  matter  of  less  serions  impor- 
tance as  the  number  of  cylinders  is  increased ;  yet  it  is  equally  evi- 
dent that,  to  secure  inaximuni  efficiency,  it  is  essential  that  the 
time  of  exposure  to  the  action  of  the  wasteful  influences  in  any  one 
cylinder  he  made  a  minimum.  At  modern  and  customary  speeds 
of  piston  and  of  rotation,  the  value  of  the  other  expedients  for  im- 
proving performance  is  much  less  than  formerly;  but  all  are  to  be 
adopted  where  it  is  hoped  to  secure  such  high  efficiency  as  is  com- 
ing to  be  demanded  of  the  designing  and  constructing  engineer. 
Tfie  advantage  of  f  [irther  progress  in  this  direction,  now  that  pis- 
ton speeds  of  F  =  500  y*  ^  and  a  velocity  of  rotation  equal  to  Ji  = 
250  5',  and  upward  are  becoming  usual,  does  not  seem  likely  to  be 
great;  and,  except  where  superheated  or  thoroughly  dry  steam  can 
be  absolutely  insured  at  all  times,  the  risks  attending  increafied 
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Bpeeik  seem  also  likely  to  retard  this  aiiv&nce.  So  long  as  tbe 
ujnntagee  of  further  gain  In  tliis  direction  &re  safely  attainable 
for  the  aim  pi  0  engine,  thuy  are  still  desirable  and  atCainabie  in  tlie 
nulLkvliiider  niacliiDe. 

Mox-(xiNDrcTiHo  Ctlikders,  saeli  as  were  partly  Beciired  by 
SiOMton  by  the  use  of  his  wood-lined  pistons  and  liead«,  and  snch 
u  have  aiuce  been  songht  by  Emery  and  otliers ;  sufb  as  was  shown 
lobe  needed  by  Watt,  and  later  more  conclusively  by  Eankineatid 
blBteesBors,  would  do  away  with  the  necessity  of  conipouudiug 
VlB4l|;roRnd  of  tbermodynamic  gain ;  bnt  would  leave  the  ad  van* 
]^H4f  tbe  multi-cylinder  engine,  on  thn  score  of  better  division 
oIitreEBee  and  work,  unaffected.  What  may  be  done  in  thisdirec- 
t  is  as  yet  impossible  to  judge  ;  but  it  is  not  likely  tlmt  the 
de*i«  of  Smeaton  can  be  made  successful  at  modern  temperatures 
mi  pr(«giircs,  or  in  presence  of  snpcibcatiiig ;  the  plan  of  Ernery 
of  aiiii|{  gUs«,  enamel,  or  other  superficial  covering  of  the  expo»^d 
Krficee,  has  not  yet  given  promise  of  snccese,  and  nothing  as  yet 
OiedKems  to  give  promise  of  meeting  the  requirements  of  the 
cue.*  Tlie  value  of  even  an  approximately  non-conducting  cover- 
tag  of  such  nature  would  be  considerable  for  the  compound  engine, 
ind  very  great  for  the  simple  engine;  especially  for  the  smaller 
'  eiies,  in  which  the  proportion  of  exposed  surface  is  comparatively 
lir^  It  is  aot  too  much  to  expect  that  some  inventor  may  yet 
ippettr  to  make  this,  the  most  imperative  of  all  needed  improve- 
ments of  the  steam-engine  of  whatever  type.  It  would  render  the 
cngijieer  independent  of  all  special  expedients  for  reducing  wastes 
interaally  and  for  thus  increasing  efficiency. 

Cleasancbb  are  usually  greater  in  the  multi-cylinder  than  in  the 
timple  engine  ;  but  it  is  at  once  seen  that  the  waste  by  clearance  and 
the  rejected  steam  thus  utilized  in  any  one  cylinder  goes  to  fill  the 
desrances  of  the  next,  and  thus  the  loss  by  this  method  of  waste  ia 
divided  by  the  number  of  cylinders,  as  in  the  case  of  other  losses. 
It  remains  advisable  to  reduce  the  dead-spaces  as  mnch  as  is  practi- 
cable in  the  compound  engine ;  but  the  importance  of  this  matter 
it  less  than  in  the  ease  of  the  simple  engine.  Thus  the  adoption  of  a 
multi-cylinder  engine  reduces  wastes  of  every  kind,  except  those 

*  Tbe  writer  has  TPcently  BecuTed  in  invenlion  deviBed  b;  liimaelf,  coDsiatlDg 
Uthfl solution  of  tlie  eipMed  mciUl  sarfaces,  leaving  the  carbon  of  the  casting 
totorm  a  layer  reeembllUK  valcanised  rubber  which  is  to  be  saturated  by  drying 
<Ut,  nlutiona  at  gam  or  other  Kon-eondnctor,  the  covering  so  formed  being  Intrg- 
nl  vilh  tlie  cylinder-head  or  othe^  part. 
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coming  of  increased  radiation  from  the  exterior;  where  the  to "t: 
area  is,  ae  is  commonly  the  fact,  increased,  and  of  the  friction 
the  engine  when  the  number  of  cylinders  exceeds  that  giving* 
mifiimura.     These  are,  however,  minor  wastes. 

The  number  of  suhdivisions  of  expansion  and  the  number 
cylinders  to  be  introduced  in  series  is  finally  settled  by  finance: 
considerations.  The  fact  that  the  loss  by  internal  wastes  is  ro&2 
ured  by  that  of  one  cylinder  indicates  that,  as  a  matter  of  econoin 
of  heat,  simply,  there  is  no  natural  limit  to  the  number,  except  tli 
the  losses  by  external  conduction  and  radiation  may  finally  moj 
than  compensate  the  gain  by  further  complication.  This  princip/* 
is  easily  shown,  analytically,  thus : 

The  work  performed  is  proportional  to  the  quantity  1  -f  logf, 

and  the  cost  of  that  work  is  proportional  to  the  quantity  1  +  a  r^ 
since  the  expansion  in  one  cylinder  is  the  nth  root  of  the  total  ratio 
of  expansion  for  the  series  ;  m  is  the  index  determined  by  the  rate 
and  method  of  variation  of  the  cylinder  condensation  with  varia- 
tion of  the  ratio  of  expansion,  and  which  is  not  far  from  m  =  2 ; 
and  a  is  a  coefficient  found  by  Gately  and  Kletsch  to  be  about  0^\ 
for  that  special  case.  The  cost  of  power,  measured  in  terms  o 
steam   expended  thermodynamically  and  by  internal  wastes,  is   i 

1  -f  log  1 
minimum  when   the  quotient  of  the   two   expressions,  ^  i— 

above  is  a  minimum  ;  this  is  a  minimum  when  the  denoininato 
is  a  maximum  ;  and  this  is  a  maximum  when  the  second  term  is  : 
niinimUm,  or  when  the  value  of  7i  increases,  without  limit. 

The  question  wl)ich  the  engineer  must  solve  is  tliis :  How  man^ 
cylinders  will  it  pay  to  introduce?  No  general  solution  of  th< 
problem  can  be  given  ;  but  it  is  easily  solved  by  computation  fo 
each  case  as  it  arises.  The  considerations  involved  are  the  follow 
ing :  It  may  be  taken  as  the  result  of  general  experience,  in  goo< 
practice,  that  under  the  best  customary  conditions  of  operation  j 
good  simple  engine,  working  at  high  pressure,  condensing,  and  a 
the  best  ratio  of  expansion  for  maximum  engine  efficiency,  may  b 
fairly  expected  to  give  as  good  a  result  as  two  pounds  of  fuel  o 
satisfactory  quality  per  horse  power  and  per  hour.  Under  simi- 
larly favorable  conditions  we  may,  with  equal  likelihood,  anticipate 
a  probability  that  we  may  obtain  better  work  with  multi-cylindei 
engines  in  somewhere  about  the  following  proportion  : 
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Bin|d^aIlB.aJllndKr 2  Iba. 

Comiwind  (dooble  eipaiision) 1.8"  SOf  20( 

Trii'lfl  i)i|iiinBion 1,4  30  10* 

Ijimfravle  eipanalon 1 .25  40  10 

(Jubtnpic  vipueion 1.1  4.')  5 

The  (iret  tliree  cases  arc  based  upon  what  is  probably  ampio  expe- 
rieiioe;  the  last  two  are  obtained  by  inference  from  the  rate  of  pro- 
jreaion  thus  established,  and  upon  the  principle  above  eminciated, 
llwi  tiie  lose  is  reduced  in  proportion,  approximatelj,  to  the  number 
of  cylinders  in  Bories.  The  probable  cost  of  adding  on<!  and 
snollier  cylinder  to  any  given  type  is  easily  ascertained  by  the 
engineer;  he  knows  the  cost  of  fael  and  oil ;  the  value  of  capital  is 
« Msiiji  nscertained ;  and  he  can  then  readily  determine  wiiether 
tiiegsiri  fiiirly  to  be  anticipated  is  sufficient  to  compeneafce  the  cost 
of  it*  acjiiirement  and  to  give  a  fair  margin  of  profit. 

Auolher  important  inference  from  what  baa  preceded  is  that  the 
question  of  use  of  one  or  another  type  of  multi-cylinder  engine  is 
noi  prima rily  settled  by  the  magnitude  of  the  sieam  pressure  to  be 
nlopteii;  although  it  is  well  settled  by  experieneeand  by  the  liiian- 
eialwpect  of  thcjiuestion,  as  just  indicated,  that  it  will  not  pay  to 
(wmponrid  a  machine  working  at  very  1"W  presonros;  nor  to  ailopt 
1  third  cylinder  until  the  pressure  approaches,  perhaps,  four  or  five 
itmospheres,  the  advisability  of  adding  cylinder  after  cylinder  being 
messnred  by  the  rise  in  pressnre,  at  the  rate  of  not  more  than  one 
cylinder  for  each  four  or  five  atmospheres  pressures.     Whatever 
the  prcBBiire,  however,  the  compounding  will  divide  the  total  ther- 
mal loss  by   internal   wastes,  approximately,  by  the  number  in 
series;  but  it  does  not  at  all  follow  that  the  efficiency  of  engine  or 
tile  L-ommercial  efficiency  will  be  reduced  in  similar  ratio.     On  the 
contrary,  it  will  never  pay  to  carry  the  complication  as  far  as  the 
stndy  of  the  ideal  case  would  dictate.    The  discrepancy  will  be 
fonnd  to  be  the  greater  as  the  real  engine  the  more  closely  ap- 
proaches ideal   perfection,  the  simple  engine  becoming  the  more 
desiralile  type  as  the  efficiency  of  it  and  of  each  of  the  several 
elements  of  the  compound  engine  becomes  greater. 

As  respects  size,  it  is  now  easily  seen  that  the  gain  by  com- 
pounding is,  60  far  as  the  considerations  here  studied  are  con- 
cerned, at  least,  likely  to  prove  even  more  marked  with  small  than 
villi  htrge  engines;  althongh  it  may  not  be,  commercially,  as 
desirable  to  adopt  tliis  complication.     As  the  wastes  are  invariably, 
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under  similar  working  conditions,  greater  as  size  decreases, 
deeirabiiity  of  reducing  the  magnitude  of  those  losses  would  i 
likely  ordinarily  to  be  made  the  greater,  also,  ae  size  of  engine 
diminishes.  With  equally  dry  steam  from  the  boiler,  tlie  moisture  in 
the  steam  and  the  losses  by  internal  condensation  are  the  larger  as 
the  power  supplied  and  tlie  magnitude  of  the  engine  furnishing  it 
become  less.  That  esj)erieDce  is  showing  this  to  be  the  fact  i» 
evidenced  by  the  steady  progress  made  by  builders  of  small  engines 
in  the  introduction  of  the  compound  engine  into  the  market.  In 
the  case  of  the  adaptation  of  this  system  to  email  engines,  the 
effect  of  cylinder  condensation  remains  in  each  cylinder,  well 
marked,  ordinarily,  as  is  seen  in  the  hitherto  unnotiL-ed  effect 
observable  where  audi  Biaall  engines  are  constructed  of  the  Wolff 
type;  and  the  first  effect  of  the  cooling  action  of  tlie  metal  npon 
the  entering  steam  is  shown  by  the  sudden  drop  of  pre&snre 
between  tlie  two  cylinders,  at  the  moment  of  opening  comm] 
tion,  the  fall  being  like  that  seen  when  exhaust  occurs  into 
fttmogphere  from  a  high  terminal  expansion,  and  amounting,  otteii 
to  several  pounds.* 

PttOBLEMS  relating  to  the  relative  efficiency  of  the  single  eylindep^ 
and  tlie  various  classes  of  multi-cylinder  engine  may  be  readily 
solved,  assuming  the  above  enunciated  principles  to  be  applicable, 
by  lirst  computing  the  efficiency  of  the  representative  ideal  engine, 
and  then  ascertaining  the  wastes,  of  beat,  of  power  and  of  work,  of 
the  several  cylinders  and  of  each  engine  as  a  whole.  Obvionsly, 
the  computation  of  the  iisrnres  for  the  ideal  engine  is  precisely  the 
same,  whether,  in  either  case,  the  system  is  simple  or  compound. 
The  wastes,  however,  vary  with  each  type,  and  with  every  size  and 
proportion  of  engine.  If,  as  is  now  possible,  we  may  ascertain  the 
approximate,  if  not  exact,  measure  of  every  waste  for  each  cylinder 
and  for  each  engine,  whatever  its  type,  it  is  perfectly  practicable 
to  determine  tlie  relative  merits  of  each,  and  the  probable  efficiency 
and  consumption  of  heat,  of  steam,  and  of  fuel  also,  if  the  effi- 
ciency of  the  boiler  is  given  or  calculable.  The  sum  of  the  ther- 
modynamic and  the  waste  requirements,  measures  the  cost  of  the 
work  performed,  either  as  the  equivalent  of  the  heat -transforma- 
tion, as  measured  on  the  indicator  diagram,  or  of  the  net  useful 
work  transferred  through  the  machinery  of  transmission  or  meas- 

*  Tliia  hag  been  noiiued  and  provided  for  hj  the  deaigners  of  tlie  familiar  tvpe 

o(  Bingle-BCtlng  coaiixiaod. 


the         1 
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I  md  by  the  Prony  brake,  the  absorption  dynamometer.  Tlio  nitio 
I  gfliiAtBDtii  to  tlie  work  so  measured,  ie  the  value  of  the  efficiency 
(rf  tho  ajBtem.  The  diflcrence  of  efficiency  among  the  several 
tr[i(t  or  examples  indicates  the  rehitive  standing  of  those  varioiiB 
uumgileg  und  furnislies  the  basis  for  computation  of  the  conditions 
ofinmimiun  eftieieiicy  of  fluid,  of  engine,  of  plant,  or  of  capital. 

Tlie  following  are  ilhistratione  of  approxiniata  solutioiis  of  such 
prebleme,  as  arising  in  common  practice  or  aa  ijluatrated  in  the 
eiperiences  of  the  engineer  seeking  to  ascerLiin  which  of  all  avail- 
iible designs  is  the  hest  for  the  special  purposes  in  view; 

firit,  riiferring  to  the  methods  of  conipntation  employed  by 
Eiukine,*  we  find,  perhaps,  the  simplest  and  most  convenient 
iTstems  of  treatment  of  the  ideal  ease.  Taking  a  series  of  values 
of  initial  pressure  and  of  corresponding  ratios  of  expansion,  he 
coinpntes  the  efHeiencies  of  tlnid  and  tabulates  the  results  in  a  very 
coiupeiidions  form.  Accepting  these  figures,  which  have  been 
ohecked  by  the  writer,  we  have  the  following: 

COSDESSINO    STEAM   ENGINES   WITH   DRY   SATURATED   STEAM. 
Back-presame  p^  -t-  144,  atsiuued  at  4  Iba.  on  llie  aqaare  Incli. 


(p. -p.) +144.. 


^144.. 


BndencT  of  BtekD). 
(B-l  p,  +  144  =  60. 

(p. -p.) +  144.... 

j*+  144 

BffldencvorBiettin. 
(i)  p,  +  J4*  ^  80. 

[p.~p.)+144.... 


F-144., 


EffideDcv  of  it  earn. 
(l)  p,  + 144  =  100. 
(p._«,)  +  14i... 

Si+l« 

ESldene;  of  Bteani. 


J 


Katlo  ot  SxpanaloTi,  r,  utd  efftcllTe  Cnt-olt ;  ■ 


o.e 

14  0 
86 
.OTS 

33.0 
73 
.086 

.0 
68 
.090 

88.0 


■'  HHDual  of  the  Steam  Englae,"  pp.  410,  411. 
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Back -pressure  p^  -*-  144,  aflsumed  at  18  lb?,  on  the  square  inch. 


Examples. 


(6.)  i>,  -t-  144  =  60. 

{pm  —  pt  ■*-  144.  ... 

Pk  -*-  144 

Efficiency  of  steam . 
(7.)  pi  4-  144  =  80.   . 

(pm  —  Pz)  -^-  144  . . . 

Pk  •+-  144 

Efficiency  of  steam . 
(8.)  i>,  -*-  144  =  100. 

(pm—  Pi)  ■+-  144... 

Pk  -*•  144 

Efficiency  of  steam. 
(9.)  i>i  -*-  144  =  120. 

(Pm  —  Pi)  -t-  144.  . . . 

Ph  •+-  144 

Efficiency  of  steam. 
10.)  Pi  -*-  144  =  160. 

{pm  —  Pi)  -^-  144.   . 

Pk  -i-  144 

Efficiency  of  steam, 


Batio  of  Expansion,  r,  and  effective  Cnt-off ;  -. 

r 


5. 
0.3 


32.5 
310 
.106 

42.6 
372 
.115 

62.8 
496 
.127 


3.33 
0.3 


33.8 
372 
.091 

46.8 
465 
.100 

59.8 
558 
.107 

85.6 

748 
.115 


2.5 

0.4 

27.4 

372 

.074 

42.5 

496 
.086 

67.6 
620 
.093 

72.8 
744 
.098 

103.0 
992 
.104 


2.0 

0.5 

32.4 

465 

.070 

49.2 
620 
.080 

66.0 
775 
.086 

82.8 
930 
.089 

116.4 
1240 
.094 


1.7 

0.6 

36.0 

658 

.064 

54.0 
744 
.078 

72.0 
980 
.077 

90.0 
1116 
.081 

126.0 
,1488 
0.86 


1.25 
0.8 
40.6 
744 
.055 

60.1 
992 
.061 

79.6 
1240 
.064 

99.2 
1488 
.067 

138.2 
1984 
.070 


1.0 

1.0 
42.0 
980 
.045 

62.0 
1240 
.050 

82.0 
1650 
.058 

102.0 
1860 
.055 

142.0 
2480 
.057 


Taking  the  temperatnre  of  feed-water  at  such  a  point  as  will 
give  for  each  ease  nine  pounds  of  water  evaporated  into  dry  steam 
per  pound  of  fuel,  and  2.5  pounds  of  steam  per  horse-power  per 
hour  at  efficiency  unit}",  it  is  easy  to  make  a  comparison  of  the 
probable  ideal  and  the  probable  actual  efficiences  of  these  various 
engines  in  terms  of  heat,  steam,  and  fuel,  demanded  per  unit  of 
power  in  the  unit  of  time.  Eankine,  in  his  computation  as  pre- 
sented in  the  original  tables,  assumes  an  evaporation  of  but  7.24  per 
unit  weight  of  fuel ;  but  this  is  far  too  low  to  represent  contem- 
porary good  practice.  He  also  omits  all  correction  for  wastes,  the 
two  quantities  to  a  certain  extent  balancing  and  often  giving  his 
final  results  in  fuel  consumed  more  nearly  usual  actual  values  than 
they  would  otherwise  have  exhibited.  The  following  are  selected 
illustrations  of  common  practice  at  the  several  pressures  and  ratio 
of  expansion  given : 
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Ideal  Epficikncies  of  E^kqinr. 


p*lU. 

-' 

E 

Weight  onp.rI.H.P.per 

Stesm. 

Fud. 

20 
40 
60 
80 
100 

60 
80 
lOO 
130 

.  leo 

3 

2.G 

S.S 

4,0 
5.0 

LSs 

s.o 

0.0 

a.o 

0,0B3 

0.1110 
0.12B 
0.130 
O.IBO 

0,074 
O.OBl 
0.11)6 
O.llfi 
0.137 

80.11 
2S.fi8 

20.00 

le.oa 

16.87 

33.78 

37.78 
23,81 
81.74 
18. M 

3.75 

B 

g 

to...  . 

2.10 

Tims  miicli  for  tlie  ideal  case  in  which  the  Bteani  is  either  worked 
ins  non-conducting  cylinder  or  in  an  otherwise  perfect  engine,  the 
euarti  beinj^  kept  in  the  dry  and  eaturated  slate  hy  adding  heat 
t  dorin^  expaneion  in  just  the  quantity  needod  to  prevent  ite  partial 
wndeiisation  in  consecjiicnce  of  the  convereion  of  its  heat  into  work. 
Adding  to  the  above  eomjuited  qnsntities  of  steam  and  of  fnel  those 
demanded  to  supply  the  wastes  invariably  met  with  in  greater  or 
leu  amount  in  all  actual  engines,  we  may  obtain  fignreE  of  probable 
•pprosimate,  perhaps  closely  approximate,  values,  for  real  work  in 
theeverr-day  practice  of  good  engineering. 

To  determine  the  probable  real  efficiency  of  fluid,  allowing  for 
transfer  without  transformation,  by  internal  wastes  other  tlian 
tlieruiodjnamie,  assume  the  engines  to  be  of  moderate  size  and 
pperated  under  familiar  conditions,  such  as  those  which  were  met 
*ith  ill  the  experiniRnts  conducted  under  the  system  planned  by 
the  writer,  by  Messrs.  Gately  and  Kletseh,  in  which  the  wastes 
were  very  exactly  measured  by  the  expression  e  =  0.2  ^r,  for  a 
Con  .COD  den  sing  unjacketed  engine,  and  take  the  losses  of  the 
Jacketed  engine  at  a  common  proportion,  three-fourths  that  amount, 
<!  =  015  Vr.  Adding  this  proportion  to  the  previously  computed 
■mounts  for  the  ideal  case,  we  obtain  for  the  actual  engine  figures 
consonant,  .at  least  more  consonant,  with  experience.  Further, 
UBDme  that  it  is  practicable,  in  each  case,  to  make  the  mechanical 
«fficieiicy  of  the  Q  on -con  den  sing  machine  0.90  and  the  condensing 
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engine  0.85,  usual  figures  for  the  two  classes.     Then  we  obtain  tlie 
following  for  indicated  and  for  dynamometric  power: 


Actual  Efficibncies  of  Ekoinb. 


^^         ^T  _ 

p  •»- 144. 

r 

E 

Steax. 

FL'bl. 

Cask  No. 

LH.P. 

D.H.P. 

I.  H.  P. 

D.  H.  P. 

I 

20 
40 
60 

80 

luO 

00 

80 

100 
120 
160 

2 

2.5 

3.8 

4.0 

5.0 

2.5 
3.3 
5.0 
5.0 
5.0 

0.060 
0.065 
0.098 
0.100 
0.109 

0.050 
0.007 
0,078 
0.090 
0.087 

H6.2 
29.2 
25.5 
25.0 
22.9 

44.9 
87.0 
34.8 

81.3 

28.7 

42.6 
84.4 
80.0 
29  2 
26.9 

50.0 
40.1 

88.0 
34.8 
32.0 

4.0 
8.2 
2.8 
2.8 
2.5 

5.0 
4.1 

8.8 
8.5 
8.2 

4.7 

2 

8.8 

8 

4 

8.8 
8.3 

6 

6 

8.0 
5.8 

7 

4.5 

8 

9 

4.3 
8.9 

10 

8.6 

Drier  or  superheated  steam,  higher  piston-speed,  larger  powers 
of  engine,  efficient  jacketing,  will  increase  these  efficiencies  bj 
reducing  wastes ;  the  opposite  conditions  will  decrease  them.  The 
figures  have  been  taken  as  representing  fairly  good  practice  in  con- 
struction for  the  conditions  of  thermodynamic  operation  assumed 
by  Eankine.  Condensing  engines  are  found  to  promise  about 
twenty  per  cent,  better  performance  than  non-condensing,  a  promise 
fulfilled  in  good  practice. 

The  difiEerences  between  tlie  steam-consumption  figures  of  the 
two  tables  represent  those  wastes  which  may  be  largely  reduced  by 
compounding;  they  amount  to  a  nearly  constant  quantity,  six 
pounds  of  steam  for  the  condensing  and  ten  pounds  for  the  non- 
condensing  engines.  A  two-cylinder  compound  engine  should 
reduce  these  wastes  to  approximately  three  and  five  pounds,  a  triple- 
expansion  to  two  and  to  3.3  pounds,  a  four-cylinder  quadruple- 
expansion  engine  to  1.5  and  to  2.5.  The  latter,  however,  with  such 
pressures  as  are  here  assumed  for  the  condensing  engine,  would 
unquestionably  exaggerate  other  wastes  and  costs  so  as  to,  on  the 
whole,  prove  unadvisable.  Case  No.  5,  using  28  pounds  of  steam 
per  hour  per  horse-power,  would,  as  a  compound  engine,  demand  20 
pounds,  as  a  triple  expansion,  19  pounds,  and  as  a  quadruple  expan- 
sion engine  about  18.2. 
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All  tliGse  (.-ases,  However,  ful  to  represent  modem  practice ;  since 
itiwT  do  not  assume  a  mffioient  expansion  to  give  best  resnlts  wlion 
conpoQiided.  The  benefits  of  the  mcUi-cylinder  type  are  best 
■Mn  with  extreme  ratios  of  czpansion,  vhen  the  internal  wastes 
vosid  proTe  exwsdve  in  the  simple  engine. 

As  a  better  illnettation  of  recent  and  at'vanoed  praotjoe,  a  quad-  . 
nple  expansion  is  to  be  compared  with  a  triple  expansion  engine 
at  >  pwsnre  of  200  pobnds  per  sqnare  inch,  abaolutc,  with  a  back- 
pmnire  of  8  pounds  and  a  total  ratio  of  expansion  of  16,  or  of  2.5* 
in  the  one  ease  and  of  S*  in  tbo  other.  The  condenser  is  worked  at 
ttemperatDre  of  150°  F.,  in  both  caaea,  the  feed  being  at  145"  F. 
Tiie  friction  of  en^ne  ia  taken  in  both  at  16  per  cent.,  the  efficiency 
of  macliine  being  0.85-  The  boiler  ev^pontes  nine  pounds  of 
werperponnd  of  coal.  The  engines  are  jacketed  efficiently,  and 
t^  m«t«  is  taken  to  be  measared  by  the  ftctor  c  =  0,15  ^/r^ 
=  0.15^15  for  tilt)  one  ^ae  and  e  =  0.15  V^  in  the  other,  or  it 
ud  SI  per  cent,  for  the  three  and  the  fonr-cylinder  engioea,  respeo- 
tiTeljr.   For  a  single  engine,  it  would  be  a  =  0.16  i/iB  =  sixty  per 

mt 

Adopting  Bankine'a  method  and  forwalas,  we  obtain  the  follow^ 

For  the  ideal  case,  which  would  give  nearly  tlie  same  tiguree  for 
bothenvjiies,  we  find  the  following,  the  slight  diecrepHneiea  being 
doe  to  the  corresponding  difference  in  total  expansion,  taking  the 
oDe  to  work  nt  a  ratio  of  2.6  for  each  cylinder  and  the  other  at  2 : 


Id£&l  Multi-oiundeb  Engine  Efficiencies. 


Bngide. 

No.CyL 

B. 

B.  T.  H. 
pal.  HP. 

I.  H.^. 

fKr 

Triple. 

1 
3 
8 

0811 
0780 
077B 
281 
U687 
0598 
0S80 
0588 
3414 

11761 
11677 

10.86 
10.08 

ToUl 

(tndniple 

1 
3 
8 

4 

ToUl    

Tbe  consumption  of  water  and  of  fuel  is  thus  exti'emely  low, 
u  compared  with  the  actual  performance  of  the  preceding  cases. 
Adding  the  allowances  for  intmial  wastes,  we  have : 
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Effioienoies  of  Beal  Engine. 


Engine. 

Water  per  I.  H.  P. 

Coal  per  I.  H.  P. 

Ideal 

10.8 
17.8 
13.4 
18.1 

1.9 

Simple 

1.9 

Triple 

1.5 

OuadruDle 

1.4 

Had    these  engines  been  nnjacketed,  we  might  probably  have 
obtained  the  following  by  multiplying  the  ideal  figure  by  1  +c  = 

1  4-  0.2  V7: 

Un JACKETED  ENGINES. 


Engine. 

Water  per  I.  H.  P. 

Coal  per  I.  H.  P. 

Ideal 

10.8 
19.4 
14.3 
13.8 

1.2 

Simple 

2.2 

Triple 

1.6 

Quadruple 

1.5 

The  gain  by  increasing  complication  thus  decreases  as  the  num- 
ber of  cylinders  increases,  whatever  the  rate  of  internal  waste. 

Going  into  higher  and  unaccustomed  pressures,  it  may  be  inter- 
esting to  endeavor  to  compute  the  probable  performance  of  a  well 
designed  quintu])le  expansion  engine,  working  at  a  pressure  of 
500  pounds  per  square  inch.  The  ratio  of  expansion  is  taken  at  r 
=  2.3'^  =  64.4,  tlie  back-pressure  at  5  pounds.  Adopting  Ran- 
kine's  approximate  formulas,  we  obtain : 


Quintuple  Expansion  Engine. 
Data : 
p^  =  500  X  144  =  72,0r'0  lbs.  per  sq.  ft. ; 
j93  =  5  X  144  =  720 ; 
r    =  2.3'  =  64.4. 

E-esults: 
Pi  =  362.2  lbs.  per  sq.  ft.,  6  lbs.  per  sq.  in. 
Heat  expended  per  lb.,  H  =  27,324  ft.  lbs.  =  1S9S  BTU. 

J)q  =  -rjr   II  4464  lbs.  per  sq.  ft.,  31  lbs.  per  sq.  in. 

f^  =  17,330  lbs.  per  sq.  ft.,  120.3  lbs,  per  sq.  in. 
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Efficiency  of  Fluid,  £  =  -?'  =  0.2576. 

BTU^T  IHP  per  hr.  =  10,189. 
Sttatn  per  IHP  per  lir.,  at  1100  units  per  lb.,  =  9.32  lbs. 
L'ual  |ier  IHP  per  hr,  at  9  lbs.  Evap,  =  1,03 ;  siiy  1  pound. 
For  liiig  case,  tlierefore,  tbe  weiglite  of  steam  and  of  fuel,  for 
nnityeliiciency,  would  be  approximately  2.4  pounds,  and  about  0.27 
[Hiiiud  per  lioree-powei-  per  honr.     Were  the  internal  wastes  to  be 
Isteiifisiii  the  first  part  of  this  paper,  as  indicated  by  the  experi- 
mects  there  referred  lo,  wo  sbould  have  the  following,  aesuming 
tli8  losses  to  be  reduced  in  proportion  to  the  immber  of  cylinder 
tfflplojecl,  and  the  efficiency  of  inecbanism  to  be  0.95  for  the  sim- 
pleengiiie;  0.90,  0.90,  0.85  and  0.85  for  the  compounded   engine 
10  llie  five  cases  given,  respectivelj : 

Efficiencies  of  Molxi-cslinder  Engine. 


'      Unable  etpRDgioD 

I       TripiteipKneion 

Ijiisdruple  eipnnsion, , 
fJuiutupieeTiiansion... 


The  above  is  snfficient  to  give  a  fair  idea,  assnming  our  figures 
•reiatiafactorily  approximate  for  the  as  yet  unexplored  regions  lo 
which  they  refer,  of  the  advances  to  be  anticipated  by  the  engineer 
throDgli  the  use  of  higher  pressures  and  ratios  of  expansion,  and 
ffitb  saturated  steam.  These  figures  may  be  decreased  indetinitely 
by  increasing  boiler-efficiency  and  by  superheating  the  steam. 

The  Influence  op  size  of  Enoine  may  be  important  In  all  of 
the  examples  taken,  it  has  been  assumed  that  the  engines  were  of 
coQsiiierable  size  and  of  moderate  speed  of  piston ;  at  least,  such 
that  the  rate  of  condensation  found  by  experiment  might  be  fairly 
*«8Qmed  to  apply  to  them.  It  will  now  be  interesting  to  endeavor 
to  obtain  some  idea  of  the  effect  of  variation  of  size  of  engine  upon 
their  performance.  That  this  is  not  necessarily  serious,  with  even 
qnite  small  engines,  when  proper  precautions  are  taken  to  make 
the  waste  a  minimum,  is  seen  in  the  results  of  the  trials  of  agricul- 
tnral  engines  at  the  British  society  "Shows,"  where  engines  of 
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ten  and  twenty  horee-power  are  exhibited  giving  as  high  efficiency 
as  the  average  of  fairly  good  engines  of  the  same  working  pres- 
sures at  sea,  both  simple  and  compound  being  compared.  But  it 
is  evident  that  the  greater  extent  of  surface  exposed,  per  unit 
weight  of  working  fluid  subject  to  condensation,  must,  other  cir- 
cumstances being  equal,  give  the  larger  engine  the  advantage. 

To  make  this  comparison  it  is  necessary  to  ascertain  the  waste 
per  unit  area  of  surface  exposed,  per  unit  of  time  of  exposure,  and 
per  unit  range  or  temperatuie  within  the  cylinder.  The  experi- 
ments of  Messrs.  Gately  and  Kletsch  and  Hill,  as  per  Professor 
Marks,  give  for  this  quantit}^  assuming  it  for  present  purposes  a 
constant,  a  value  seldom  far  from  c  =  0.02047  ;  which  is  here  taken 
as  the  value  affecting  the  cases  assumed.  Let  the  data  be  as  fol- 
lows : 

Data : 

Engine,  single-acting  compound ; 

Clearance,  20  per  cent. ; 

Boiler  pressure,  165  lbs.  per  sq.  in.,  23,660  per  sq.  ft. ; 

Back-pressure,  18  lbs.  per  in.,  2,592  per  sq.  ft. ; 

Ratio  of  expansion  in  H.P.  cylinder,  2.5; 

Ratio  of  low  to  high  pressure  cj^linder,  2.78  to  1 ; 

Piston  speed,  600  feet  per  minute ; 

Initial  volume,  Vj,  2.8  feet;  final,  Vjj  7  feet ;  p^  =  8,690. 

Results : 

Weight  of  steam  in  low-pressure  clearance,  0.554  lbs. 

Compression  i:  egins  at  0.047  ;  MEP^  in  HP  cylinder,  6,400  lbs. 

Ditto  in  L.P.  cylinder,  1,940  lbs.  per  ft. 

Weight  of  steam  in  L.P.  cylinder,  1.054  lbs. 

Energy  of  steam  per  lb.,  138,860  ft.  lbs. 

Efficiency  of  the  steam,  E  0.1413. 

Water  per  H.  P.  per  hour,  lbs.,  17.56. 

Fuel  at  10  lbs.  per  lb.,  1.76. 

Heat,  at  usual  equivalent,  per  I.II.P.  per  hour.  19,766  BTU. 

The  above  figures  show  what  the  ideal  engine  would  do  under 
the  given  conditions  and  what  would  be  the  performance  of  the 
real  engine,  irrespective  of  size,  were  there  no  wastes.  With  vary- 
ing sizes,  the  volumes,  v^  worked  at  any  given  ratio  of  expansion, 
the  stroke  of  piston  being  made  variable  with  the  diameter  of  cylin- 
der, will  vary  as  the  cubes  of  the  diameters ;  while  the  surfaceSi  «, 
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uxpoeed  will  vary  as  the  squares.  The  wastes  oecnmng  internally 
will  thus  vary  as  the  quartity  s  -^  «,  or  inversely  ae  the  diameter 
with  cyiindera  of  siiiiiUr  proportiouF.  If  the  stroke  be  kept 
unchanged,  the  diameters  varying,  the  wastes  will  vary  as  above, 
wiib  the  variation  of  siii-fsieeB  and  volumes,  hut  less  rapidly  than  in 
ihe  firet  case  wirh  a.  given  variation  of  power.  In  illustration, 
tekc  ttirto  engines  of  the  asenmed  type,  having  dimenaions  ae 
below; 

(L)  18'  and  30"  x  16"  stroke; 

(1)  9"  and  15"  x    9; 

(8.)  3"  and    6"  x    3". 

Tilling  the  Internal  wastes,  as  already  propoeod,  assuming  a 
(wfiieient  e  =  0.02047,  and  computing  the  loss  on  the  areas  of  the 
pistun,  the  clearance,  and  port  passages  and  interior  of  cylinder  np 
to  point  of  cut-off,  we  obtain  tJie  following  results : 

Tabution  of  EFFicraafCT  with  Size  of  Enqikb. 


Iq^ 

j^.. 

LB.P. 

FntiliindWslerpsrH.P. 

end™. 

rrlc. 

LH.P.                     n.B.F. 

perm... 

Idfsl 
No.l 

10,18 
1i  65 
0.S94 

230.7 
30.37 
1. 183 

1.76;    17, C 

a. 3   ;    23             a-7;  37.0 
8  tj  ;   37.9        3.0;  BB-l 
4,8   :    48.3S       6.7;  07.88 

6.4 

10.80 
BO. 7 

20$ 

The  enortnouB  effect  of  this  method  of  waste  i*i  small  engines, 
and  the  very  considerable  influence  of  size  upon  its  magnitude  in 
the soiaUer  claseee  ol  engine,  are  thus  well  exhiliited.  It  is  hero 
seen  that  compounding  is  a  very  much  more  effective  means  of 
economizing  in  the  expenditure  of  fuel  and  of  steam  in  small  than 
in  large  engines,  a  remark  which  probably  applies  to  all  methods 
of  increasing  efficiency  by  reducing  these  once  mysterious  kinds  of 
loss.  In  the  above  instances,  the  interior  wastes  increase  from  5.4 
pounds  to  10  and  to  30  pounds  per  I.H.I'.,  as  size  decreases,  and 
the  constimption  of  steam  thus  rises  from  17.6  in  the  ideal  case,  to 
33  and  48  pounds  for  the  smaller  engines. 

As  a  final  illustration  of  the  methods  of  treatment  of  the  multi- 
tjliuder  engine  here  exhibited,  an  example  will  be  selected  from 
practice,  taking  an  engine  which  is  representative  of  the  earliest 
attempts  to  employ  very  high  steam  pressures  in  a  triple  expansion 
engine.     The  steamer  "  Anthracite,"  built  by  the  Mesers.  Perkins, 
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is  a  small  vessel  having  triple  expansion  engines,  and  boilers  c^ 
structed  to  bear  safely  very  high  pressures.  During  the  worki 
and  the  special  trials  of  the  ship,  the  pressures  were  cam 
between  350  and  400  pounds  by  gauge ;  but  the  pressures  in  t 
cylinders  fell  very  much  below  these  figures.  The  following  ^ 
data  fairly  representing  one  of  the  trials  of  this  vessel,  and  tl 
ideal  case  is  worked  out  from  them  as  below : 

TRIPLE    EXPANSION   ENGINES. 

Data: 

^1  =  201.64;  p^  =  9.55 ;  p^  =  4.21. 
Tl  =  843.47 ;  T^  =  652.2 ;     T^  =  120.5. 
\)^  =  2.236 ;     v^  =  57.49 ;     r  =  25.71. 

Results  (ideal) : 

E=^  0.227 ;  jp^  =  3929.15  per  sq.  ft.  =  27.28  per  sq.  in. 
Feed  water  per  I.H.P.  per  hour  =  8.3 -pounds. 

'    The  efficiency  of  the  boilers  was,  by  test,  0.68,  and  the  consum] 
tion  of  fuel  per  I.H.P.  per  hour,  assuming  it  to  be  of  such  qualil 
as  would,  with  unity  eflBciency,  give  an  evaporation  of  11.75  to 
would  be,  per  I.H.P. : 

8.3  ^  11.75  -f-  0.68  =  0.92  lbs. 

The  best  work  done  on  reported  trials,  as  stated  by  Sir  Frederic 
Bramwell,  and  as  recomputed  by  the  U.  S.  Naval  Board  repeatir 
the  trials,  was  17.8  pounds  of  feed- water,  1.7  pounds  of  coal,  ar 
20,022  B.T.U.  per  indicated  horse-power  per  hour,  the  steam  beir 
presumed  to  be  as  above  taken,  dry  and  saturated,  the  jackets  worl 
ing  efficiently.  The  total  ratio  of  expansion  was  25.7,  in  the  fir 
cylinder  2,  and  in  the  last  3.5.  The  waste  was  thus  slightly  more  tha 
equal  to  the  thermodynamic  demand  for  steam,  and  fifty  per  cen 
of  the  total  supplied.  This  would  correspond  to  c  =  0.2Vr  for  tl 
simple  engine,  and  to  more  nearly  c  —  0.6\//'  for  the  single  cylind( 
of  maximum  ratio  of  expansion.  The  conclusion  is  thus  at  one 
reached  that  this  engine,  economical  as  it  was  for  its  time,  was  n< 
nearly  as  efficient  as  it  should  .have  been,  in  consequence  of  i 
wastes  having  bsen  so  great  as  to  obscure  the  gain  which  shoul 
have  been  secured  by  the  expansion  to  such  a  degree  of  such  hig 
steam.  In  fact,  its  wastes  were  as  great  as  they  would  have  pro' 
ably  been  in  a  simple  engine  with  un jacketed  cylinders,  workin 


PHILOflOPHY  OP  THE  MULTI-CYLINDER,  OR  COMPOUND,  ENGINE.   165 

moderately   high   piston-speed.      Had   its  snperheating  tubes 

orked  with  satisfactory  effect,  it  should  have  been  possible  to 

reduce  the  expenditure  of  feed-water  and  of  fuel,  to  as  little  as  has 

been  given  for  a  similar  case  in  the  earlier  part  of  this  paper.     The 

losses  should  have  been  not  more  than  one-third  those  actually 

experienced,  and  the  consumption  should  not  have  exceeded  11  or 

12  pounds  of  water  and  1.3  pounds  of  fuel. 

How  far  the  actual  wastes  were  due  to  other  methods  of  exag- 
geration of  loss,  as  by  external  conduction  and  radiation,  and  by 
internal  leakage,  it  is  impossible  to  say.  These  may  account  for 
mnch  of  the  discrepancy.  Whatever  the  true  cause,  it  is  easy  to 
6ee  that  a  comparison  of  the  ideal  with  the  real  case,  as  above  illus- 
trated, would  always  exhibit  the  fact  of  the  waste  and  its  amount, 
and  enable  the  engineer  to  trace  out  the  causes  and  to  remedy 
them,  either  in  the  operation  of  the  engine  considered,  or  in  subse- 
quent designs,  where  the  fault  is  inherent  in  the  type  or  special 
constraction. 

Problems  relating  to  the  Efficiency  of  the  multi-cylinder  en- 
gines may  be  solved  most  simply  by  the  processes  devised  by  the 
writer  in  modification  of  the  method  of  Rankine,  originally  applied 
to  the  study  of  the  ratio  of  expansion  at  highest  efficiency  of  capi- 
tal*  The  number  of  cylinders  or  of  grades  of  expansion  being  in 
;i'l  sufh  cases  settled  by  general  experience  and  the  judf^jment  of  the 
designing  engineer,  the  best  ratio  of  expansion  and  the  best  ])ropor- 
tionsof  cylinders  are  readily  determined  for  any  given  case  by  first 
ol'Uining  the  true  Curve  of  Efficiency  for  the  given  class  of  engines, 
!if'<i  then,  knowing   the  probable   back-pressure  to  be  met  with, 
either  by  custom  or  by  taking  it  with  reference  to  the  best  relation 
"^'nitial  to  final  pressure,  and  computing  tiie  constant  and  variable 
^'ostsof  operation,  solving  tlie  problems,  in  their  proper  order,  by  a 
iTi^phical  construction  which  the  writer  has  shown  to  be  easily  and 
'W.'urately  niade.f     It  is  enough  to  say  here  that  these  best  ratios 
^'11  often  be  found,  for  the  better  class  of  engines  eniplo}  ing  dry 
'""  ^^lightly  moist  steam,  to  be  not  far  from  one-half  the  ratio  of 
'uitial  to  back-pressure,  the  latter  including  the  friction  of  engine; 
^'"i  for  those  of  the  very  highest  class,  using  thoroughly  dry  or 
superheated  and  reheated  steam,  on  the  system  adopted  by  Cowper, 
Corliss,  and  Leavitt,  this  best  ratio  may  be  raised  economically,  on 

*Miscellani»ou8  Papers. 

fThft  Several  Efficiencies  of  the  Steam  Engine.    Jour.  Franklin  Institute, 
M.  1883. 
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the  whole,  to  about  two-thirds  the  ratio  of  initial  to  back  pressni 
A  good  tentative  rule  is  thus:  to  obtain  the  total  ratio  of  eacpan^io 

KuLE. — Divide  the  initial-pressure  in  the  high-pressure  eylind 
by  twice  the  sum  of  back-pressure  on  the  low-pressure  cylinder,  pli 
the  friction  of  engine  per  unit  area  of  piston,  and  the  quotient  wi 
be  approximately  the  best  ratio  of  expansion  for  an  average  caw 
For  the  most  economical  classes  of  multi-cylinder  engines,  take,ff 
the  divisor,  three  halves  the  back-pressure  plus  friction. 

It  is  safer,  however,  to  endeavor  to  find  the  real  curve  of  efficienc 
for  the  class  of  engine  considered,  and  use  that  curve  in  the  soli 
tion  of  the  problems  of  the  efficiency  of  fluid,  of  efliciency  of  engin 
and  of  efficiency  ol  plant.  It  thus  becomes  easy  to  ascertain  tl 
best  ratios  for  highest  duty,  for  best  financial  results  as  designed, 
for  best  commercial  returns  should  the  opportunity  oflPer  of  utili 
ing  more  power  than  is  at  first  anticipated. 

Proportions  of  Cylinders  and  relative  Ratios  of  Expansi- 
in  the  several  cylinders  of  the  multi-cylinder  engine  may  readi 
be  settled  when  the  total  ratio  and  the  total  power  demanded  s 
determined  and  exactly  prescribed.  It  will  be  found  that  the  tol 
ratio  will  be  made,  usually,  not  far  from  equality  in  the  sevej 
cylinders,  and 

r  —  rx  ; 

where  n  is  the  number  of  cylinders  adopted,  r  the  total  ratio,  a: 
7*1  the  ratio  for  one  cylinder.  It  will,  however,  for  best  eflTect,  • 
the  whole,  be  probably  advisable  to  adopt  a  compromise  betwe 
the  various  modified  and  confiicting  values  prescribed  by  the  cc 
ditions  that  the  work,  the  effective  initial  pressures,  and  the  sevei 
differences  of  temperature,  shall  be  as  nearly  equal  in  all  cyliudc 
as  possible.  To  meet  the  first  condition  we  must  have  such  a  rai 
in  each  cylinder  as  shall  make  the  work  in  each  equal  to  the  to 
net  power  of  the  engine  divided  bj^  the  number  of  cylinders 
series ;  to  meet  the  second  condition  we  must  make  the  init 
pressure  in  each  such  that  the  total  range  of  pressure  may  be  eqi 
to  a  common  range  in  each  multiplied  by  the  number  of  cylindei 
while  to  make  the  range  of  temperature  equal  throughout  t 
series,  we  must  have  varying  differences  of  pressure,  the  hig 
pressure  cylinder  having  the  maximum  range,  and  the  low-pressi: 
cylinder  the  minimum  range  of  pressure.     The  differences  in  tl 
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J  iMernepect  are,  in  engines  using  very  high  steam-preBsnres,  quite 

I  tdiridBrablc.     Where  the  eteaui  is  dry,  the  speed  of  engine  high, 

ind  tile  jacketing  effective,  this  ie  h  matter  of  less  conseijiien-o 

tbti  ipproxiinately  uniform  division  of  work  and  stresseB  on  the 

craiik-piDs. 

DISCUSSION. 

Pn/.  J.  K  Denton, — I  notice  that  the  subject  of  jackets  is 
ffwij  referred  to  in  this  paper,  and  I  TFant  to  ask  Professor 
TliBrston  if  he  will  not  add  to  his  paper  the  experiments,  as  far 
u  possible,  from  which  he  draws  his  eonclusious.  The  value  of 
it  to  thoae  of  iia  who  desire  to  study  it  lies  in  these  references. 
He  made  the  statement  in  discussion  ot  a  previous  paper  that 
9t«aiii  jackets  may  do  no  good  or  may  do  a  great  deal  of 
good.  Now,  here  is  a  statement  that  jackets  are  alwaj's  capable 
of  giving  twenty  per  cent,  saving.  Where  are  the  experiments 
flutfTOw  that  a  jacket  saves  twentj'  per  cent,  in  modern  Ameri- 
MflBnginefl?  And  what  were  the  experiments  which  guided  him 
th«n  he  stated  in  connection  with  the  other  paper  that  jackets 
nay  do  very  little  good  ?  The  philosophy  referred  to  has  been 
promul<;ated  thronghout  the  eugineering  world  for  the  last  forty 
years,  and  cannot  be  ascribed  to  Mr.  Hirn  any  more  than  to 
Clsrk,  Isherwood,  Elder,  Bankine,  and  others.  But  when  it  comes 
to  using  that  philosopy  to  settle  questions  regarding  ratios  of 
Bipansion,  proportions  oE  cylinder,  etc. — questions  which  I 
believe  every  expert  to-day  who  is  in  actual  contact  with  engines 
•onld  hardly  dare  answer — I  think  references  should  be  given 
Wry  completely. 

Mr.  Geo.  H.  Barrus* — Professor  Thurston's  paper  is  exceed- 
iDgly  interesting  to  engineers  and  users  of  steam,  because  it 
deals  with  a  great  variety  of  mooted  questions  relating  to  the 
behavior  of  steam  in  steam  cylinders.  It  is  also  an  able  paper 
to  that  it  covers  the  whole  ground  of  subjects  pertaining  to  this 
bnach  of  steam  engineering.  While  being  of  considerable  value 
"1  a  popular  way,  it  would  have  been  of  much  greater  value, 
especially  to  engineers,  if  it  had  dealt  less  in  generalities,  and 
bad  supplied  more  actual  data  upon  the  various  subjects 
^ted ;  and,  furthermore,  if  some  of  the  data  given  had  con- 
'otmed  to  ordinary  good  practice  in  steam  engineering.  I 
'Added  since  the  meeting. 
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dislike  to  bring  forward  adverse  criticism  upon  the  work  of 
of  our  most  esteemed  and  influential  members,  and  I  hesitai 
say  even  a  word  about  it.  But  the  object  of  our  society  mi 
it  extremely  desirable  to  lay  aside  sentiment,  and  to  discuss 
papers  which  are  presented  for  just  what  they  are  worth. 

A  considerable  portion  of  the  paper  is  based  on  the  i 
obtained  on  some  experiments  made  by  Messrs.  Gately 
Kletsch,  two  of  Professor  Thurston's  students,  which,  accorc 
to  a  foot-note,  showed  that  the  portion  of  the  feed  water 
simple  engine  which  is  not  accounted  for  by  the  indicator, 
which  sums  up  all  the  waste  due  to  cylinder  condensation 
other  losses,  is  a  little  less  than  0.2  of  the  square  root  of 
ratio  of  expansion,  and  the  author  takes  this  equation — tha 
c=0.2  y^r,  as  one  representing  the  proper  allowance  for  tl 
sources  of  loss  in  simple  unjacketed  engines. 

The  equation  given  may  represent  the  loss  which  occun 
some  engines  of  a  poor  class,  but  it  does  not  represent  the 
which  occurs  in  what  may  be  called  ordinary  good  practice, 
do  not  question  in  the  least  the  reliability  of  the  experiment 
which  Professor  Thurston  refers.  But  I  do  question  ^ 
gravely  the  fact  of  their  representing  anything  but  very  p 
practice  in  steam  engineering.  I  have  made  a  great  many  t 
of  simple  engines,  such  as  these  experiments  refer  to,  and 
personal  measurement  have  obtained  the  consumption  of  i 
water  per  indicated  horse-power  per  hour,  and  the  propor 
of  total  consumption  which  is  attributable  to  cylinder  condei 
tion  and  leakage.  In  not  a  single  case  among  these  test 
there  one  to  which  the  equation  of  Professor  Thurston  app 
unless  it  be  that  of  some  engine  in  which  the  test  of  the  va 
and  pistons  showed  that  so  much  leakage  was  going  on  at 
effect  largely  the  loss  which  would  otherwise  be  attributec 
cylinder  condensation ;  and  these  are  cases  which,  to  my  m 
should  not  be  called  upon  to  furnish  data  for  any  laws  rela 
to  the  performance  of  steam  engines  of  good  ordinary  tjrpe. 

In  the  accompanying  table  are  given  the  principal  data 
results  of  some  of  these  tests  upon  engines,  which  were  fo 
to  be  in  tight,  or  fairly  tight,  condition,  as  determined  by  i 
of  all  the  valves  and  pistons  when  the  engine  was  at  rest.  Tl 
engines  are  all  unjacketed  and  supplied  with  common  saturs 
steam.  In  lines  10  and  11  appear  respectively  the  ratio 
expansion  and  the  co-efficient  c  worked  out  to  correspond  i 
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Professor  Thurston's  equation.  It  will  be  seen  that  the  co-effi- 
cients in  these  tests  range  from  0.10  to  0.17,  the  maximum,  0.17, 
being  the  case  of  a  relatively  small  engine.  With  this  indi- 
vidual exception,  the  largest  co-efficient  is  0.146.  Leaving  out 
this  one  case  [which  is  designated  B],  there  are  five  tests,  viz., 
G,  H,  J,  K  and  L,  which  give  an  average  co-efficient  of  0.138, 
and  there  are  six  remaining  cases.  A,  C,  D,  E,  F  and  I,  which 
give  an  average  of  0.111.  The  average  of  the  whole  series  of 
twelve  tests  gives  a  co-efficient  of  0.127,  and  this,  as  already 
noted,  is  a  very  different  quantity  from  the  one  that  is  used  in 
Professor  Thurston's  equation,  viz.,  0.2. 


170  PHILOSOPHY  OF  THE  MOLTI-ClfLINDEB,  OE   OOMPOUHD,  ENQINX. 


?       i 


5iiL 

5  ,  „   c   . 

=, 

s 

s 

S    " 

'  1 

iitr  - 

1  8  s  a  =■ 

" 

* 

o     =              6 

nm 

-  «  _  sioi 

$ 

. 

8 

s  s       ! 

sn 

m- 

! ,  -.  "i"-: 

s 

t 

S 

s.  s      S 

i^t 

" 

J  s . .  = 

s. 

* 

-H 

s  .    ^  .  _ 

s 

K 

s  s       t 

^55 

1  d   J   ;"  S 

" 

"   "        " 

sis 

J  „  .  a  . 

^ 

f 

e 

s  s       § 

•II 

1  ^  -  -  + 

s 

* 

*  "       * 

iii^ 

Hiii 

= 

fSSjjK 

s 

a 

^: 

S   2         = 

•iit- 

1  -.  -.  s'T 

« 

C 

K 

»    SI         S 

J  s  e  s  = 

2 

= 

« 

l-l- 

; .  „  s  = 

1  s  a  8  7 

1 

R 

o    id          d 

ill  . 

!-.  =  : 

; 

S 

S    S          1 

ih    ■ 

1.  .  s  . 

tu    " 

f  S    !    S    = 

s 

di 

3    .-    ,    S    . 

„ 

^ 

n 

s  e      S 

m 

5    f-    *    '    + 

8 

" 

* 

o     »           o 

4t  1. 

g              !. 

IT. 

% 

z 

S3         S 

m  r 

1    ^    Fi    S    ^ 

S 

'^ 

° 

en           S! 

S 

.;    : 

■s 

%  ■■, 

?  i 

:      :      i      ;     g    ' 

: 

a 

:«  :: 

a 

1     ■: 

j 

1 

i 

{III. 

-1 

1 

3 

1 

"S 
1    * 

1 

11! 

1^ 

II  s  II  ^  ^ 

£ 

1  "  fc 

" 

''  ssH 

-««■-« 

<■- 

»      • 

s 

s        ' 

P^TLOSOPHY  OF  THE   MULTI-CYLINDER,  OR  COMPOUND,  ENGINE.  171 

Further  evidence  of  the  unreliability  of  Professor  Thurston's 

co-efficient  in  showing  the  losses  which  occur  in  ordinary  good 

practice  may  be  furnished  by  citing  the  results  of  tests  which  I 

liare  made  on  engines  which  were  found,  on  the  leakage  trial,  to 

l>e  in  a  more  or  less  imperfect  condition.     These  are  all  unjack- 

eted  simple  engines,  and,  like  those  given  in  the  table,  are  of 

the  automatic  cut-oflf  type. 

The  first  of  these  is  a  23  by  60  Corliss  non -condensing  engine, 
which  was  working  under  a  boiler  pressure  of  68.3  lbs.,  a 
speed  of  745  revolutions  per  minute,  and  an  apparent  cut-oflf  of 
0.41.  The  leakage  test  showed  that  there  was  a  very  bad  leak  of 
the  piston,  which,  as  was  afterwards  discovered,  was  produced 
hy  a  broken  packing  ring,  and  the  repair  of  which  led  to  a  re- 
i  dnetion  of  15^  in  the  consumption  of  feed  water.  On  this  test, 
with  the  engine  leaking,  the  steam  accounted  for  by  the  indica-- 
tor  at  cut-oflf  was  0.73,  the  ratio  of  expansion  2.33,  and  the 
coefficient,  worked  out  in  accordance  with  Professor  Thurston's 
equation,  0.179. 

Another  case  in  which  leakage  was  found  is  that  of  a  pair 
of  32  by  54  Corliss  engines,  one  cylinder  running  condensing, 
and  oDe  non-condensing.  The  boiler  pressure  was  71  lbs., 
reTolutions  per  minute  47.3,  the  average  apparent  cut-oflf  0.30, 
Md  the  proportion  of  the  feed  water  accounted  for  by  the  indi- 
cator 0.78.  Here  the  ratio  of  expansion  was  3.03,  and  the  co  efli- 
cient  works  out  0.128. 

The  case  of  a  similar  Corliss  engine  may  be  noted  wliicli  was 
running  three  ends  condensinf^  and  one  end  non-condensing,  the 
cvlinders  being  26  by  60,  and  showing  a  considerable  leakage  of 
calves  and  pistons.     The    average  apparent  cut-ofF  Avas  0.266, 
hoiler  pressure  85.1   lbs.,  revolutions  per  minute  51,  and  the 
proportion  of  feed  water  accounted  for  by  the  indicator  0  75.    In 
this  case  the  ratio  of  expansion  was  3.47  and  the  co-efficient  0.136. 
Another  case  is  that  of  a  Corliss  non-condensing  engine,  2'»  by 
i",  showing  some  valve  leakage,  which  worked  under  a  boiler 
pressure  of  80.5  lbs.,  647  revolutions  per  minute,  and  an  appar- 
ent cut-oflf  of  0.237.     The  steam  accounted  for  by  the  indicator 
^as  0.75,  the  ratio  of  expansion  3.86,  and  the  co-efficient,  worked 
out  according  to  Professor  Tliurston's  e(j[uation,  becomes  0.127. 

Still  another  case  where  there  was  a  large  amount  of  leakage 
^'oing  on  was  that  of  a  pair  of  Green  condensing  engines,  2()  by 
48,  which  carried  a  boiler  pressure  of  60.5  lbs.     The  speed  was 
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77  revolutions  per  minute,  the  apparent  cut-oflf  on  one  cjlind^ 
0.29,  and  on  the  other  cylinder,  0.20.     The  steam  accounted 
by  the  indicator  here  was  0.66,  the  average  ratio  of  expanidoV 
3.76,  and  the  co-efficient  0.177. 

A  Woodruflf  &  Beach  non-condensing  engine,  with  cylinder  L  ^ 
by  36,  boiler  pressure  74.2  lbs.,  and  revolutions  per  minute  75. 
working  at  an  apparent  cut-oflf  of  0.237,  furnishes  an  interestin. 
example.    The  proportion  of  steam  accounted  for  by  the  indicate 
was  0.69,  aod  the  ratio  of  expansion  3.76.    The  co-efficient  wor 
out  0.i64:.     In  this  case  the  leakage  was  in  the  exhaust  vaLves^ 
and  the  subsequent  remedy  of  the  defect  which  caused  it  reduoeA- 
the  feed  water  consumption  10,i^,  and  brought  the  co-efficient* 
down  to  0.137. 

Another  pair  of  Green  engines  may  be  noted,  having  one 
cylinder  16  by  48,  and  one  22  by  48,  which  were  in  a  bad  stete  in 
the  matter  of  leakage.  This  engine  worked  under  a  boiler  pressure 
of  71.8  lbs.,  94.7  revolutions  per  minute,  and  an  apparent  cnt-off 
in  one  cylinder  of  0. 19,  and  in  the  other  of  0.27.  The  proportion  of 
feed  water  accounted  for  by  the  indicator  was  0.67,  the  average 
ratio  of  expansion  3.93,  and  the  co-efficient  works  out  0.168. 

One  other  case  of  a  leaking  engine  may  be  cited — a  16  by  42 
Rollins  engine,  working  under  a  boiler  pressure  of  75.6  lbs.,  a 
speed  of  57.5  revolutions  per  minute,  and  an  apparent  cut-oflf  of 
0.206.  Here  the  steam  accounted  for  by  the  indicator  was  0.57 
of  the  feed  water  consumption,  the  ratio  of  expansion  4.36,  and 
the  co-efficient  c,  according  to  Professor  Thurston's  equation, 
becomes  0.205.  This  is  the  only  instance  among  the  eight  cases 
of  leaking  engines  where  the  co-efficient  reaches  the  figure  which 
has  been  taken  by  Professor  Thurston  to  represent  good  prac- 
tice, and  this,  furthermore,  is  the  case  of  a  relatively  small 
engine. 

I  might  extend  these  examples  by  referring  to  results  of  many 
other  tests  which  I  have  made  on  engines  of  various  kinds,  all 
of  which  are  consistent  in  showing  the  same  general  result.  But 
these  may  suffice  for  the  present  object  of  my  criticism  as  to  the 
reliability  of  the  data  on  which  the  author  bases  a  large  part  of 
his  paper. 

The  en*or  in  the  co-efficient  for  cylinder  condensation  introduces 
a  proportionate  error  into  the  figures  in  the  table  giving  the 
"  actual  efficiencies  of  engines,"  which  may  be  found  on  page  24 
of  the  paper.      In  this  table  the  quantity  of  feed  water  per 
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^^Bicated  liorae-power  per  hoitr,  used  by  an  enguie  working 
^^Kdtr  GO  Iba.  pressure,  coudensing,  in  given  as  25.5  lbs.,  find  this 
^^RgMtity  reduces  to  22.9  IbB.  when  tlie  boiler  presBiire  is 
^Hhtnnsed  to  100  lbs.  deferring  to  my  table  of  results  of  testa 
^Vlifteu^Des  in  good  condition,  it  will  be  seen  that  the  actual 
B^Misiimption  of  feed  water  per  iudicated  horse-power  per  hour, 
I  there  the  engine  is  wholly  condensing,  varies  from  18.5  lbs.  to 
I  21.19  lbs.  for  these  ranges  of  pressure,  and  it  rises  to  24  3  lbs. 
■  iathe  case  of  the  test  marked  E,  made  under  50  lbs.  pressure. 
I  Ttese  figures  are  very  far  below  the  quaiitities  given  in  Professor 
I    TImtstoa's  table. 

I  Again,  taking  the  same  rauges  of  pressure,  viz.,  60  to  100  lbs  , 
I  lie  author  gives  a  feed  water  consumption  for  nou-condeusing 
'  engines  in  quantities  ranging  from  34.9  lbs.  to  4'2  4  lbs.  per 
ifuiicxted  horse-power  per  hour.  Referring  to  my  table  it  will 
I*  Men  that  the  highest  which  is  given  for  non-condensing 
enpLfiB  is  34  lbs,  for  a  pressure  of  70  lbs.,  and  the  lowest  25.8 
H)3.  ioT  a  pressure  of  101  lbs.  These  two  are  also  very  far  below 
the  qiiittitities  given  by  Professor  Thurston. 

While  criticising  these  tigures,  I  would  draw  attention  to  an 
erident  oversight  which  the  author  has  made  in  working  out 
tlift  conl  conHUoiption  from  the  stoaoi  conmutiiption  for  tlie  two 
cases  of  coudensing  and  non-condensing  engines.  The  same 
boiler  evaporation,  viz.,  9  lbs.  of  water  per  lb.  of  coal,  is  taken  for 
both  of  these  cases.  This  equality  of  the  rate  of  evaporation 
ia  seldom  realized  in  practice  on  account  of  the  reduced  tem- 
perature of  the  feed  water  in  the  case  of  the  condensing  engine 
below  that  which  is  generally  obtained  in  the  case  of  non-con- 
densing engines.  A.  comparison  of  the  two  sets  of  figures  for 
condensing  and  uou-condensing  engines,  given  in  the  author's 
table,  wonld  therefore  convey  an  erroneous  idea  as  to  the  actual 
diflerence  in  economy,  measured  on  the  coal  basis,  between  the 
t*o  classes  of  engines. 

Passing  to  some  other  qnestions  upon  which  the  paper  treats, 
the  author,  in  speaking  of  the  reduction  of  the  waste  of  fuel 
dne  to  <^linder  condensations,  by  means  of  superheating,  ad- 
TODccB  the  statement  that  about  twenty  per  cent,  saving  is  at- 
tained by  effective  superheating  within  the  usual  practicable 
range  of  temperature,  which  can  be  allowed  in  the  superheater. 
In  my  early  engineering  training  I  had  much  to  do  with 
tliia  question  of  economy  from  the  use  of  superheated  steam, 
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being  engaged  on  the  experimental  work  which  Mr.  George 
Dixwell  conducted  several  years  ago  in  this  field.  At  that  timi 
I  had  about  the  same  opinion  as  that  expressed  in  the  author* 
statement,  viz.,  that  a  practicable  amount  of  superheating  wooli 
secure  a  saying  of  some  20,^^.  I  would  say  at  the  outset  that  n 
such  saving  was  ever  produced  in  the  course  of  Mr.  Dixwell' 
experiments  and  later  experiences  lead  me  to  believe  that  20 
is  too  high  a  figure  to  expect  in  any  simple  engine  from  the 
of  superheated  steam. 

In  a  series   of  experiments  which  we  made  on  an  8  by  2— 
Corliss  engine,   running  under  various  conditions  of  load  an^ 
of  superheating,   it  was  found   that  by  varying  the  degree 
superheating  according  to  the  ratio  of  expansion,  the  saving 
the  quantity  of  steam  consumed,  when  the  superheating  wi 
carried   far  enough  to  wholly  suppress  cylinder  condensation, 
amounted  to  about  25,^^  for  all  the  various  conditions.     This  wi 
the  saving,  it  is  to  be  understood,  in   the  quantity  of  steani^ 
consumed  and  not  of  fuel.     If  account  had  been  taken  of  the  ^ 
fuel  required  to  superheat  the  steam,  the  saving  would  have 
been  reduced  a  considerable  amount  even  if  there  were  no  loss 
of  heat  in  the  process  of  superheating  beyond  that  represented 
by  the  thermal  value  of  the  superheat. 

In  all  the  experiments  of  Mr.  Dixwell  the  great  difficulty  in 
realizing  much  benefit  from  superheating  seemed  to  be  in  pro- 
viding a  superheating  apparatus  which  should  not  use  up  so 
much  heat  in  itself  as  to  largely  offset  the  gain  which  might 
otherwise  result. 

Some  positive  information  about  the  subject,  conforming  to 
what  may  be  called  modern  practice,  may  be  gained  from  later 
experiments  which  I  have  made  on  various  large  engines  work- 
ing with  superheated  steam.  They  were  supplied  from  vertical 
boilers  having  a  large  area  of  steam  heating  surface.  These 
engines  are  all  comparable  to  those  which  are  referred  to  in 
the  table  already  given  of  engines  working  with  common  satur- 
ated steam,  having  been  tested  for  leakage,  and  the  valves 
and  pistons  found  either  tight  or  fairly  tight.  The  results  of 
these  experiments  are  given  in  the  accompanying  table. 


f 


PHltXWOPHY  OF  THE   MULTI-CYLINDER,  OR   COMPOUND,  ENGINE.  176 


0 

b 
m 

0 

H 


Z 

X 

> 

> 

z 
Q 

52 

.  o 


X 


5^ 

'.1 


Tj 


c§sr 

^     ^. 

▼H 

s 

»« 

lO  » 

s 

l>T-iOJ        CO 

-^ 

t- 

T^ 

I'- 

C./OJ 

T-t 

00 

00 

© 

• 

o 

o  to 

d 

OS? 

o 

90 

1 

•o  * 

if' 


OX) 

▼H 

C5  OTf  d 
"^  t'-  e»  ^J 

s 

*o 


00 


00 


r-t  00 


£2    88 


5  c  to 
•CT  c 

O  B  C 


o 
coco 


9)00 


$r.00  CO  W  X  ^  d  ri  C4 


O 


^  «0 

CO  »^  tH 

•            •  • 

oco  o 


s 


+  1 


6C 

Ji  * 

o 


^1 


90 


►»^co«e  » 

•"iO  O  1-"  oi 

o' 

90 


oj 


CO 


01 

00 


0009        Od 
1— «  f-       o 


O  90 


^« 


*a-c£ 
ceo 


CDO  1-I 


W90  1* 

OC0«0  OSrf 


►»—  O  Oi  o »-  o»  — <  -< 

^  O  00  *C  JO  rf        r-i  Ol 


tH  O 

d  00  T^CO  O 

•  •  •          •  • 

o  o  o»  o 


CO 


=  be 

C  = 

t.    S 


O) 

-^O  X 


^. 


>-.:=:  X  -  X 

-^  O  :c  9Ci  :;< 


X 


X 


CO 

to 


CO 

CO 


X 


50 

CO  LO      r- 

■^  X       o 

0  0}        o 


C   -L 


w   U 


O 


I     1^. 


'•^•^  r:  o*  'O 
^  t'  i-  y-  -^ 

CO 

o> 


+ 


CO 
X 


Ci 

CO 


:c       o 
ot 


d 


UO  "^ 

d  c* 


o 


Tr 


u: 


X 

r 

r- 


a; 
o 


'E, 

CO 


3 


2  i- 

S 

^-  O 


-^   be  o 

=^  S   -  -  .    _ 

>  c3  .^:      z:     .-■  i 


c  •-    « 

03  ;:  5r. 
^  -  I 

r  i  ^ 
;5  t^r= 


r. 

=  > 


-H 

o 

t-i 


^"3 


~    6=  i; 


b. 

"^ 

>«-< 

>  •-> 

a 

3 

5 

■  "J 

o 

•* 

cJti   • 

CJ 

c  9  : 

fc,  K-"    fc-    — 

v-s  a.  d    . 

■^     7    -^     i^       • 

a  w  cs         . 

f^  e 

'^^, 

• 

en 


7i 

3 


J,  ti  1^  -   - 

4;  S  t)  •-  "TT 

«.-,  ^t-i  rt   i  fl 

=  -^  3  .E    ><  -M 


kr      03 


i-i  Oi  CO  '^  to 


CO 


O        ^01 


174  PHILOSOPHY  OF  THE   MULTI-CYLINDER,  OR  COMPOUND,  ENGINK. 


being  engaged  on  the  experimental  work  which  Mr.  Gteorge 
Dixwell  conducted  several  years  ago  in  this  field.  At  that  f.ifn<=^ 
I  had  about  the  same  opinion  as  that  expressed  in  the  author's^ 
statement,  viz.,  that  a  practicable  amount  of  superheating  wool* 
secure  a  saving  of  some  20,^^.  I  would  say  at  the  outset  that  n< 
such  saving  was  ever  produced  in  the  course  of  Mr.  Dixwell' 
experiments  and  later  experiences  lead  me  to  believe  that  20 
is  too  high  a  figure  to  expect  in  any  simple  engine  from  the 
of  superheated  steam. 

In  a  series   of  experiments  which  we  made  on  an  8  by  2 
Corliss  engine,   running  under  various  conditions  of  load  an 
of  superheating,   it  was  found  that  by  varying  the  degree  o: 
superheating  according  to  the  ratio  of  expansion,  the  saving 
the  quantity  of  steam  consumed,  when  the  superheating 
carried   far  enough  to  wholly  suppress  cylinder  condensation, 
amounted  to  about  25<»  for  all  the  various  conditions.     This  was 
the  sa\dng,  it  is  to  be  understood,  in  the  quantity  of  steam 
consumed  and  not  of  fuel.     If  account  had  been  taken  of  the 
fuel  required  to  superheat  the  steam,  the  saving  would  have 
been  reduced  a  considerable  amount  even  if  there  were  no  loss 
of  heat  in  the  process  of  superheating  beyond  that  represented 
by  the  thermal  value  of  the  superheat. 

In  all  the  experiments  of  Mr.  Dixwell  the  great  difficulty  in 
realizing  much  benefit  from  superheating  seemed  to  be  in  pro- 
viding a  superheating  apparatus  which  should  not  use  up  so 
much  heat  in  itself  as  to  largely  offset  the  gain  which  might 
otherwise  result. 

Some  positive  information  about  the  subject,  conforming  to 
what  may  be  called  modern  practice,  may  be  gained  from  later 
experiments  which  I  have  made  on  various  large  engines  work- 
ing with  superheated  steam.  They  were  supplied  from  vertical 
boilers  having  a  large  area  of  steam  heating  surface.  These 
engines  are  all  comparable  to  those  which  are  referred  to  in 
the  table  already  given  of  engines  working  with  common  satur- 
ated steam,  having  been  tested  for  leakage,  and  the  valves 
and  pistons  found  either  tight  or  fairly  tight.  The  results  of 
these  experiments  are  given  in  the  accompanying  table. 
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The  average  number  of  degrees  of  superheating  on  the  seven 
tests  given  is  36,  and  the  average  proportion  of  feed  water  to 
represent  the  loss  from  cylinder  condensation  and  leakage,  is 
0.161.  The  average  for  the  saturated  steam  table  is  0.250. 
Making,  now,  a  suitable  comparison  between  the  figures  repre- 
senting the  losses  noted,  it  appears  that  a  superheating  of  36 
degrees  secured  a  reduction  in  cylinder  condensation  corres- 
ponding to  a  saving  of  about  lOit  in  the  quantity  of  feed  water 
consumed.  Before  jumping  at  a  conclusion  it  must  be  re- 
membered that  in  the  case  of  the  saturated  steam-engines  the 
steam  was  in  the  condition  in  which  steam  is  ordinarily  sup- 
plied from  boilers  which  do  not  superheat,  that  is,  it  contained 
a  slight  amount  of  moisture.  It  does  not  seem  to  me  unfair  to 
estimate  that  the  effect  of  this  moisture  was  equivalent  to  the 
effect  of  another  36  degrees  of  superheating,  that  is,  that  the 
saturated  steam  contained  between  one  and  two  per  cent,  of 
moisture.  In  order,  therefore,  to  make  a  comparison  of  the 
true  effect  of  superheating,  we  must  allow  the  equivalent  of  say 
70  degrees  of  superheating  for  producing  a  saving  in  feed 
water  consumption  amounting  to  10;^.  To  give  the  superheat- 
ing side  of  the  question  its  full  advantage  and  to  express  the 
relation  of  the  two  quantities  in  round  numbers,  it  appears 
from  these  figures  that  a  saving  of  1.5^  in  the  feed  water  con- 
sumed is  produced  by  10  degrees  of  superheating,  or  the  equiv- 
alent of  10  degrees  of  superheating.  Taking  a  temperature  of 
100  degi-ees  above  the  normal,  for  the  practicable  limit  at 
which  superheated  steam  can  be  used,  we  may  expect,  on  this 

basis,  a  saving  in  the  feed  water  consumption   of  rji —  ^ 

1.5  =  19.5/^ ;  or,  in  round  numbers,  20,"^. 

The  actual  saving  of  fuel  which  can  be  attained  out  of  this  20 
per  cent.,  after  making  sufficient  allowanse  for  the  heat  required 
to  do  the  superheating,  depends  upon  the  efficiency  of  the  super- 
heating ap})avatus.  If  no  heat  were  lost  beyond  that  required 
to  furnish  the  thermal  equivalent  of  the  superheat,  the  allowance 
would  be  6.2  p;^r  c(»nt.,  and  would  bring  the  net  saving  down  to 
18.8  per  cent.  But  this,  in  practice,  can  hardly  be  expected, 
and,  according  to  such  expoiinients  as  I  have  made  in  this  line, 
as  already  noted,  the  allowance  must  be  a  considerably  greater 
quantity.  If  a  vertical  boiler  in  the  ordinary  form  is  used  for 
the  purpose  of  sui)erheating,  it  is  impossible  to  attain  enough 
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irnm  »upet'liealmg  to  balance  the  loss  ocoaBioned  by 
1    --iiily  lii};;li  t^iuperatore  of  the  escapiug  gaaes  which 

resiilw,    It  may  be  post^ible  so  fiir  to  modify  tlte  ordinary  verti- 

n]  tuirakr  boiler,  by  the  introduction  of  Tcater  Leatiug  surface 

IcvDUii  tl)(i  saperlieating  surface,  as  to  avert  a  large  part  of  this 

nste.    But  how  far  this  can  be  done  there  is  uo  experimental 

pitiot  HO  iar  as  I  know,  whicli  is  (conclusive. 
If  an  iutlepenileut  superheater  is  used,  we  must  contoiid  with 

tix  nuaroidable  losses  due  to  the  use  of  a  separate  furnace,  with 
its  liability  to  imperfect  corabuatioa  and  other  losses,  and  there 
ig  the  additional  waste  produced  by  the  heat  of  the  chimney 
gwea,  This  system  was  tried  in  the  course  of  Mr,  Diswell's 
eiperimentA,  the  apparatus  being  well  planned  for  the  work.  A 
careful  experiment  made  upon  it  showed  that  about  50  ,iercent 
more  fuel  was  burned  to  produce  a  given  amount  of  superheat- 
ing tliau  the  quantity  required,  corresponding  to  the  thermal 
thIqo  of  the  superheat.  Tests  of  superheaters  incorporated 
with  the  boiler  also  showed  a  similar  loss,  and  it  seems  fair, 
Uierefore,  to  expect  that  the  superheating  of  the  steam  to  a 
teupiTature  of  itX)  degrees  would  require  the  additional  ex- 
penditure of  about  10  per  cent  more  fuel  over  that  required  to 
geiieiate  the  sti'am  in  the  beyijining. 

From  these  considerations  it  seems  to  me  that  the  effect  of 
superheating  within  the  range  of  allowable  temperature,  instead 
of  being  a  gain  of  some  20  per  cent.,  which  Professor  Thurston 
gives  in  his  paper,  does  not,  in  reality,  exceed  1 0  per  cent.,  and 
ia  liable,  in  ordinary  practice,  to  be  less  than  10  per  cent. 

It  is  greatly  to  be  r^retted  that  in  the  matter  of  steam  jacket- 
ing about  which  much  is  said  in  the  paper,  the  author  did  not 
adduce  some  experimental  proof  of  his  statement  that  the  saving 
doe  to  jacketing  was  about  20  per  cent.  The  statement  made, 
that  authorities  disagree,  is  a  very  true  one,  and  it  would  there- 
bie  have  been  all  the  more  interesting  if  the  authority  for  this 
dim  had  been  given. 

If  he  had  also  furnished  some  proof  of  the  various  statements 
M  to  the  effect  which  dry  or  wet  steam,  high  or  low  speed,  sim- 
ple or  compound  cylinders,  have  on  the  efficiency  of  the  jacket, 
npon  which  he  seems  to  have  decided  opinions,  it  would  have 
done  much  toward  answering  acme  questions  which  have,  for  a 
lotig  time,  i^tated  the  minds  of  steam  engineers. 

Hr.  Frank  H.  BaU. — I  am  very  much  interested  myself  in  this 
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subject,  and  I  sboulcl  like  very  much  indeed  to  have  the  de- 
tails of  tests  showing  these  results,  as  has  been  suggested  by 
Professor  Denton.  I  have  made  some  experiments  in  steam 
jacketing  in  connection  with  compound  engines,  and  I  have  not 
yet  been  able  to  obtain  any  results  which  compare  with  the 
figures  here  mentioned.  I  am  a  little  unfortunate  in  not  hav- 
ing had  this  paper  earlier,  or  I  might  have  perhaps  brought 
some  data  with  me.  But  inasmuch  as  I  am  not  prepared  with 
the  data  of  my  tests  I  will  not  say  just  what  results  were 
obtained,  but  they  were  veiy  diflferent  from  the  results  here 
described,  and  I  hope  that  Professor  Thurston  will  give  us  a 
full  report  of  tests  on  which  he  bases  these  figures.  I  will 
say  fui-ther  that  in  making  these  tests  I  was  very  particular 
to  measure  carefully  the  water  of  condensation  obtained 
from  the  j^ickets,  and  that  was  added  to  the  amoant  of  con- 
densed steam  fi-om  cylinder.  I  used  a  surface  condenser  for 
condensing  the  exhausts,  and  in  making  these  tests  I  was  re- 
minded very  forcibly  of  what  we  used  to  read  about 
Horace  Greeley's  raising  pork.  You  remember  he  said  he 
made  money  out  of  pork,  but  he  lost  money  out  of  the  com 
that  he  fed  to  the  pork.  Looking  merely  at  the  water  that  we 
obtained  from  the  exhaust  of  the  engine  there  was  a  great  sav- 
ing, but  after  we  added  the  w  ater  obtained  from  the  jacket 
that  savinj<  was  very  much  reduced. 

Ml.  F.  J/.  Wheeler, — There  is  such  a  difference  in  the  matter 
of  steam  jackets  that  one  would  readily  expect  a  marked  differ- 
ence in  data.  English  engine  practice  (which  is  perhaps  the 
largest)  shows  very  decidedly  varying  results  from  steam  jack- 
ets. There  are  steam  jackets  of  many  different  designs  and 
construction,  and  the  way  they  are  operated  also  makes  a  great 
deal  of  difference  in  the  results. 

Frof,  a,  IL  ThnrHtor,,'^ — I  have  read  very  carefully  the  dis- 
cussion of  tliis  paper,  especially  the  matter  added  since  the 
meeting,  which  contains  some  most  valuable  and  interesting  data. 

Taking  the  whole  discussion,  in  the  order  of  its  presenta- 
tion : 

As  to  the  first  speaker :  He  seems  to  suppose  that  I  had 
proposed  to  write  a  treatise  on  the  steam  jacket,  and  calls  for 
references  on  that  subject.     As  the  writer  of  the  paper,  I  may 


*  Author's  Closure,  under  the  Rules. 
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he  permitted  to  interpret  its  purpose,  which  was  simp]  j  that 
umanncefl  in  ita  introductory  paragi'nphs.  It  was  not  intended 
ftiiher  to  diiiciisa  the  steam  jacket  at  length,  or  to  introduce  any 
Bewmslter  in  regard  to  it.  The  facts  and  figures  given  were 
such  iw  I  supposed  all  well-read  engineers,  making  the  study 
of  thfi8t<^iim  engine  a  specialty,  were  familiar  with.  I  did  not 
etmsfJer  it  necessary  to  give  references  which  should  be  familiar 
In  f very  sach  reader  ;  and  X  did  not  imagine  that  others  would 
dMirr  more  than  the  simple  statements  of  one  tolerably  familiar 
with  the  subject.  The  figure  20  per  cent.,  referred  to  partic- 
nliiriy,  ta  tliat  which  I  have  for  many  years  been  accustomed 
ti>  take,  and  to  see  taken,  aa  a  fair  one  for  good  work  with  the 
oilier  types  of  engine. 

The  writer  of  a  paper  may  be  presumed  to  be  the  best  judge 
of  tW  «xteut  to  which  references  are  needed  for  the  purposes 
which  he  haa  in  view  ;  and,  in  this  case,  I  gave  all  that  I 
UmnKht  important  for  such  purposes  :  but  it  will   give  me  V617 

igKal  satiafaction,  should  I  find  time  to  prepare  a  paper  on  the 
«ie«D  jacket,  as  I  contemplate  doing,  when  I  shall  have  col- 
kcteil  material  which  I  am  now  getting  together,  to  furnish 
incfa  a  complete  body  of  data  and  references  to  authorities, 
l«ith  scipiitifii-  and  {■xperimentul,  as  will  at  least  exhibit  the 
bete  of  the  case,  whether  th^y  accord  with  the  ideas  which  I 
h&ve  myself  been  forming  for  the  last  thirty  years  or  not.  I 
tde  it  that  no  honest  man  will  be  frightened  by  the  facts,  and 
that  no  fair  man  will  seek  either  to  conceal  or  distort  them. 

A  note  has  been  added  by  a  speaker,  to  the  effect  that  this 
philosophy  "  has  been  promulgated  through  the  engineering 
»orld  for  the  last  forty  years,  and  cannot  be  ascribed  to  M. 
Him,  any  more  than  to  Clark,  Isherwood,  Elder,  Itankiue  and 
others." 

I  hardly  know  what  is  intended  by  this,  as  I  have  attributed 
to  Him,  in  this  paper,  absolutely  nothing  which  had  not  been 
hitherto  universally  admitted  to  be  due  him,  except  the  single 
SMalled  "  Hirn's  Principle  "  defined  on  page  143.  I  have  not 
iiKt  with  that  in  the  writings  of  any  other  recognized  anthor- 
i^,  and  ^ould  be  pleased  to  make  the  correction,  should  it  be 
tinnd  that  this,  which  I  regard  as  an  important  principle, 
■hoiild  be  found  to  have  been  enunciated  by  any  other  and 
Mrlier  writer.  As  to  the  work  of  the  writers  mentioned :  I  am 
fun  no  one  has  ever  been  more  hearty  than  I  in  the  acknowl- 


I 
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edgment  of  our  indebtedness  to  those  great  engineers.  I 
doubt  if  any  one  has  more  fully  exhibited  their  relative  and 
chronological  positions  in  the  development  of  the  modem 
theory  of  the  steam  engine. 

The  facts  are  the  following:  Clark  experimented  on  loco- 
motives as  early  as  1851-'52,  and  showed  the  presence  in  that 
type  of  engine  of  those  causes  of  loss  of  eflBiciency  which  had 
been  first  discovered  by  Watt,  nearly  a  century  earlier.  Clark 
was  the  first  to  give  the  "  philosophy  "  of  the  phenomena  so 
revealed.  Hirn  began  his  experimental  work  a  little  later, 
publishing  his  first  paper,  if  I  mistake  not,  in  1856,  and  giving, 
for  the  first  time,  ample  quantitative  data.  Then  came  the  work 
of  Mr.  Isherwood  (1860),  who,  for  the  first  time,  exhibited  the 
method  of  variation  of  cylinder  wastes  with  variation  of  the 
ratio  of  expansion,  thus  finally  developing  the  laWj  of  which 
the  earlier  work  of  his  predecessors  had  located  points  in  its 
curve. 

Mr.  Ball's  experimental  work  accords  perfectly  with  the  ex- 
perience of  earlier  and  well-known  investigators,  and  simply 
confirms  what  I  have  said  in  the  body  of  my  paper,  and  what  I 
will  endeavor  fully  to  justify  in  a  later  paper,  should  I  find  time 
to  prepare  it.  Mr.  Wheeler,  who  follows  him  in  the  discussion, 
is,  I  think,  perfectly  correct  in  his  statements,  and  they  fully 
account  for  the  discrepancy  between  the  results  obtained  by  Mr. 
Ball  and  the  figure  which  he  seems  to  have  supposed — errone- 
ously, of  course — that  I  had  attributed  to  engines  working  under 
such  conditions  as  did  his  own.  As  I  have  stated  in  the  body 
of  my  paper,  "  The  effect  of  a  steam  jacket  depends  upon  the 
conditions  of  operation  of  the  engine  largely,  and  it  may  be  pro- 
ductive of  marked  advantage,  or,  under  unfavorable  conditions  " 
— as  to  its  economical  working,  of  course — "of  no  important 
useful  effect." 

The  discussion  of  the  paper  added  since  the  meeting  by  Mr. 
Barrus  is  full  of  matter  of  actual  value.  Before  taking  it  up  I 
must  repeat  my  statement,  that  I  had  not  intended  to  write  a 
treatise  on  the  steam  jacket,  had  only  touched  upon  that  matter 
incidentally,  and  had  only  given  w^hat  I  considered  to  be  well 
established  and  generally  accepted  facts  and  figures — and  not 
many  of  them.  The  same  is  true  of  the  main  point  considered 
by  Mr.  Barrus.  I  assumed  the  particular  figures  to  which  he 
takes   exception,  not   as  important  at  all  for  my  piu*poses  as 
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nmnerical  voliieH,  bat  simply  to  illustrate  a  method  wbicli,  ao 
bi  as  I  am  aware  and  bo  far  as  the  evidence  goes,  up  to  date,  is 
new,  and  which  method  I  thought  might  possibly  prove  inter- 
extin^,  Biid,  ultimately,  when  all  the  required  facts  and  data  are 
settled  gfttisfactorily,  correspondingly  useful.  The  figures  ob- 
tained from  the  Gately  and  Kletsch  experiments  were,  as  I  well 
beir,  accurate  /or  that,  cn^c,  and,  whether  later  improved  upon 
or  not,  answered  every  purpose  at  the  moment  in  view. 

Mr,  Barrus  objects  to  these  numerical  data  as  not  represent- 
ing moilDrn  good  practice,  and  presents  figures  which  he  oon- 
nifin  more  in  accordance  with  such  practice.  His  apology  for 
their  preaentatiou  is  entirely  unnecessary,  so  far  as  I  am  con- 
«nied.  A  chronic  fault-finder  is  a  nuisance,  and  should  be 
promptly  abated ;  but  a  fair  discuesiou,  courteous  in  tone  and 
abnnnding  in  facts,  as  does  his  paper,  is  always  welcome  to  any 
one  aeeking  only  new  and  useful  truths. 

He  would  have  definite  figures  in  place  of  "generalities." 
The  paper  is  merely  an  introduction  of  the  subject.  Plenty  of 
data  are  available  for  use  at  a  proper  time,  and  will  be  given, 
probably.  For  the  purposes  of  my  paper,  their  source  being 
nnderstooJ  and  the  conditious  lifiing  known  under  which  they 
irere  obtained,  either  the  constants  taken  or  the  newer  figures 
given  by  Mr.  Barrus  would  be  equally  valuable  and  useful.  I 
should  be  inclined  to  disagree  with  Mr.  Barrus,  however,  in  bis 
classification  of  the  two  sets.  I  should  say  that  the  work  of  the 
first  investigators  illustrates  fairly  good  practice,  as  average 
modern  engineering  goes — as  it  was  desired  that  it  should — 
while  I  sbonld  think  the  work  of  Mr.  Barrus'  representative  of 
waBually  good  practice.  However  that  may  be,  the  fault  is  on 
the  right  side,  in  my  view.  Either  set  of  figures,  those  given  by 
me  or  those  by  Mr.  Barrus,  would  equally  well  answer  my  pur- 
pose in  this  case.  Mr.  Barrus  will  find  the  "  comtant "  reduced  in 
namerical  value  by  every  condition  conducing  to  the  economical 
operation  of  engines.  Taking  his  values,  it  means  simply  that 
the  wastes,  in  such  sizes  and  classes  of  engines  as  he  is  accus- 
tomed to  working  with,  are  apparently  less  than  in  the  cases 
which  I  have  assumed  as  representative.  It  is  easy  to  apply 
the  method  which  I  have  illustrated  to  such  sizes  and  classes  of 
engines,  and  it  may  be  fairly  presumed  that  the  deductions  will 
be  found,  for  such  practice,  equally  consonant  with  the  actual 
ease.    It  must'  be  remembered,  however — and  this  is  probably 
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the  source  of  Mr.  Barrus'  misapprehension — that  the  co-efficient 
to  which  he  refers  is  only  exact  for  cases  similar  to  those  from 
which  its  numerical  values  are  derived.  It  decreases  with  in- 
crease in  size  of  similar  engines  also,  being  probably  nearly 
proportional  to  the  reciprocal  of  the  diameter  of  cylinder,  and 
increases  with  the  storing  power  of  the  cylinder-walls. 

As  the  value  of  the  Gately  and  Kletsch  investigation,  appa- 
rently, is  likely  to  prove  a  matter  of  some  importance,  it  may 
be  stated  here  that  the  work  was  very  carefully  planned  by  me 
long  before  an  opportunity  offered  to  carry  it  out.  It  was  un- 
dertaken by  the  two  gentlemen  who  have  reported  it,  one  of  them 
being  able  to  secure  the  engine  used,  a  Corliss  engine  of  18"  by 
42"  cylinder,  and  to  fit  it  up.  It  was  a  comparatively  new  engine, 
built  by  Harris  only  four  years  earlier^  and  was  found  to  be  in 
good  order.  As  stated  in  the  report,  leakage  "  was  particularly 
looked  for,  as,  in  these  trials  particularly,  its  existence  would  be 
fatal."  None  was  detected.  The  work  was  done  with  great 
care,  and  by  two  men  who  were  considered  by  me  to  be  tho- 
roughly competent  as  observers.  One  of  them,  in  a  considerable 
period  of  service,  proved  himself  one  of  the  most  competent 
assistants  that  I  ever  had.  They  were  constantly  aided  by 
advice  and  direction,  whenever  needing  it,  and  were  also  assisted, 
at  times,  both  by  myself  and  by  one  of  my  assistants.  Professor 
C.  A.  Carr  of  the  U.  S.  Naval  Engineer  Corps.  The  reduction  of 
observations  was  made  under  my  own  eye  mainly,  and  accord- 
ing to  a  scheme  which  I  had  previously  arranged.  I  laid  out 
the  plan  of  the  report,  and  it  was  most  skilfully  and  conscien- 
tiously carried  out.  I  believe  the  results  to  be  absolutely 
reliable.  They  most  certainly  accomplished  their  main  purpose, 
the  determination  of  the  method — the  law — of  variation  of  the 
proportion  of  internal  wastes  with  variation  of  the  several  con- 
ditions affecting  them.  This  had  never  before  been  done,  and 
the  investigation  stands  to-day  on  record  as  the  first  of  its  kind, 
and  as  of  extraordinary  importance  in  the  development  of  what 
M.  Him  calls  the  "  experimental  theory  "  of  the  heat-engines, 
or  what  I  have  called  the  "  Theory  of  the  Beal  Engine."  These 
experiments  gave  a  very  constant  value— for  that  engine,  of 
course — for  the  quantity  which  Mr.  Barrus  has  re-determined, 
under  probably  better  conditions,  as  to  efficiency,  and  was  found 
to  fall  between  0.1740  and  0.1^87  throughout  the  whole  range  of 
usual  operation  with  varying  ratios  of  expansion. 


WllOSOPin' OF   THK    Mi:LTI-CyLr>'DER,  OR    COMPOfND,  ESGiyE.  188 

It  most  be  remembered,  bowevcr,  tliat  as  just  stated,  this 
oo-efficieat  is  not  a  coustaut  except  for  tbe  one  enti;iiie  from 
vtijcb  it  is  denved,  and  for  others  like  it  in  dimeusions  and 
vnrking  lutidition.  Other  things  being  eqaal,  it  wilt  be  less 
mtli  increaaiug  size  of  engine,  with  increasing  speed,  and  with 
iucrfiwed  efficiency  of  all  those  expedients  whit-h  may  be 
adopted  (or  lessening  wastes.  The  smaller  figures  obtained  by 
Mr.  Barrus  are  probably  partly  dne  to  differences  in  the  physi- 
(alisondition  las  to  heat^stora^e  and  transfer  maiulyl,  and  partly 
dot!  to  difft>rencca  of  size  and  condition  of  the  surfaces  of  the 
eogiDP.  Hi«  engines  ar<!  larger  than  that  above  referred  to,  and 
we  should  therefore  expect  smaller  values  of  that  co-efficient. 

^Tiere  diff'erertt  Hizef  of  engine  are  to  be  compai'ed,  I  know  of 
no  ntber  or  better  method  than  that  illustrated  in  the  paper 
pre«eiited  by  me,  in  the  use  of  what  has  been  called  "Marks' 
co-efScietit."  This  will  be  found  iiirly  constant,  under  similar 
condilions  of  internal  surface,  I  imagine,  for  all  types  of  engine, 
ftiiil  for  all  sizes.  Its  value  is  foiiiid  by  Marks  to  average  0.0i047 
for «  eeri^B  of  enf^ine-trials  by  Hill,  and  to  have  a  slightly  lower 
Talae  for  the  engine  of  Gat«ly  and  Kletsch.  AH  of  these  quanti- 
ties are,  however,  affected  by  qnality  of  steam,  aa  well  as  by 
oondition  of  engine.  I  doubt  if  any  can  be  taken  as  more  than 
approximate  as  yet,  and  then  only  under  specified  couditionH. 

I  must  correct  the  statement  to  the  effect  that  it  is  the  values 
of  this  datum  "on  which  tbe  author  bases  a  large  part  of  his 
paper."  As  already  stated,  the  magnitude  of  these  co-efficients 
is  Absolutely  of  no  consequence  in  tbe  construction  of  that 
paper,  and  the  method  which  it  is  brought  forward  to  illustrate 
is  jost  as  well  exhibited  by  the  use  of  data  obtained  from  more, 
M  from  less,  wasteful  classes  of  engines.  Again,  he  states  that  I 
give  figures  for  water-consumption  which  be  thinks  high.  The 
Iict  is  that  I  simply  show  what  would  be  the  probable  water- 
BODgnmption  in  engines  wasting  heat  in  the  proportion  assumed. 
It  IB  easy  to  similarly  adjust  the  computations  to  cases  in  which, 
like  those  of  Mr.  Barrus',  the  wastes  are  lower  in  amount.  It 
bemg  understood  that  this  quantity,  which  has  been  studied  by 
him  to  such  good  purposes,  is  variable  with  size  of  engine  and 
other  conditions,  all  to  be  defined  and  identified  for  any  given 
taw,  his  misspprehesBioD,  and  the  discrepancy  which  be  bas 
■opposed  to  exist,  disappear. 
I  had  supposed  these  matters  more  generally  understood  than 
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they  now  seem  to  bei.     It  is  easy  to  substantiate,  I  think, 
point  which  I  have  made  in  the  paper,  and  a  study  of  the  lite: 
ture  of  the  subject,  in  English,  French  and  (lerman,  for  the 
ten  or  fifteen  years,  will  probably  yield  all  the  information  t 
may  be  desired.     Clark,  Isherwood,  Cotterill,  Bankine,  and 
writers  in   English;  Hirn,   Combes,   Hallauer,   Dwelshauver^^ 
Dery,  and  others  in  French  ;  and  Grashof,  Schroter,  and  a  fe 
others  in  German,  furnish  both  the  experimental  and  the  phi 
osophical  material  for  the  "  Theory  of  the  Beal  Engine." 

Mr.  Barrus  goes  on  to  say  that  the  result  of  Mr.  Dixwell's  ei,  ^ 
periinents  on  superheating  gave  a  lower  value  of  the  savin 
practicable  by  superheating  than  I  have  assumed,  although, 
he  states,  he  had  himself  previously  had  an  idea  that  my  figure 
was  about  right.  He  says  that  Mr.  Dixwell  never  obtained  as 
much  as  20  per  cent,  gain  by  superheating.  Admitting  that; 
to  be  the  fact,  I  must  be  permitted  to  adhere  to  my  own  convic- 
tion, as  derived  from  a  study  of  not  only  the  work  of  Mr.  Dix- 
well, but  of  many  other  investigators.  It  will  afford  me  great 
pleasure,  at  the  proper  time  and  in  the  proper  place,  to  give  the 
facts  and  references  that  support  my  statement  It  should  be 
remarked  that  the  saving  of  something  under  25  per  cent.,  which 
he  at  once  proceeds  to  give  as  the  result  of  experiments  on  a 
Corliss  engine  by  Mr.  Dixwell,  may  be  taken  as  ample  proof  that, 
on  an  engine  of  any  important  size  and  power,  the  gain  should  be 
considerably  more.  A  toy  engine  like  that,  with  its  enormous 
wastes,  which,  presumably,  superheating  could  with  difficulty  be 
overcome,  would  be,  I  think,  at  a  great  disadvantage  in  conse- 
quence of  its  small  size,  as  compared  with  ordinary  engines  such 
as,  for  example,  Mr.  Isherwood  tested.  Mr.  Barrus  himself  at 
once  gives  us  data  in  his  table  showing  a  gain  of  10  per  cent,  on 
larger  engines  by  a  superheat  of  but  36  degrees — say  fifteen  or 
twenty  degrees,  only,  Above  the  point  at  which,  according  to 
Zeuner  and  others,  the  steam  becomes  actually  and  completely 
dry.  Had  the  superheating  been  made  100  degrees,  I  presume 
that  it  would  have  been  found  that  about  as  great  an  advantage 
would  have  been  secured  as  I  have  assumed  as  a  fair  average 
figure.  In  fact,  Mr.  Barrus  computes  precisely  this  figure  in  the 
very  paragraph  which  encloses  his  table,  but  computes  wastes 
reducing  it  to  14  per  cent.  That  the  conditions  mentioned  by 
him  as  liable  to  modify  this  saving  do  arise,  no  one  can  doubt ; 
but  the  facts  are,  I  think  it  is  well  proven  by  experiment,  that  it 
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boftcD  perfectly  practicable  and  safe  to  increaBe  efficiency  20 
per  Mnt.  by  superheating.  That  this  will  always  he  found  to  pay 
inlheenil,  when  the  wear  and  tear  of  apparatiis  is  considered, 
Irerr  mncli  doubt ;  that  is  quite  another  matter. 

Bat  I  have  under  my  hand  a  copy  of  Mr.  Dixwell's  paper  of 
1815,  a  topy  of  his  circular  letter  of  May,  1877,  and  the  report  on 
iis fijieriiueuts  by  the  naval  board  of  March,  1877.  In  the  first, 
'hieh  ifl  a  most  tantalizingly  unsatisfactory  paper  so  far  aa  data 
go,  I  fiud  verj'  little  definite  information  ;  but  I  do  find  that  he 
coB3i(ler3  it  perfectly  safe  to  carry  a  temperature  of  500"  Pahr. 
intliesteam  cylinder;  that,  aa  he  says,  it  is  thus  practicable  to 
auppreHB  cylimler-condensation,  and,  in  the  compound  engine,  to 
gaiii  25  per  cent,  by  superheating.  His  circular  letter  aaaerts 
the  prauticability  of  a  gain  of  20  per  cent,  in  simple  engines,  and 
thp  naval  document  gives  the  coat  of  power  in  steam  consumed, 
the  steam  being  saturated  in  these  experiments  as  from  27.66  to 
33.64  pounds ;  while  with  superheated  steam  the  figures  are  from 
19-39  to  26.48  pounds,  or  a  gain  on  the  average  of  slightly  over 
SO  per  cent.     So  much  for  Mr.  Dixwell. 

In  1854  Mr.  Isherwood  reported  to  the  Journal  of  the  Franklin 
liutitnte  experiments  on  the  "Joaeph  Johnson,"  giving  a  gain  of 
S'lper  cent,  and  upward  ;  the  P.  it  O.  Co.  of  Great  Britiin  found  a 
saviDg  a  long  time  ago  of  25  per  cent.;  the  British  naval  steaoLiera 
" Black  E^le"  and  "Dee"  gave  a  saving  of  over  30  per  cent, 
IS  reported ;  John  Bourne  reports  the  saving  by  the  use  of 
the  Wethered  system  at  sea  to  be  23  to  34  per  cent ,  and  the 
wrk  of  Mr.  Isherwood  on  the  "  Eutaw  "  and  the  "  Georgiana," 
pring  similar  gains,  is  too  well  known  to  every  engineer  to  make 
it  necessary  to  detail  its  results  here.  I  am  not  at  all  sure  that 
these  and  the  still  larger  figures  sometimes  reported  are  for  usual 
or  fairly  representative  conditions,  but  they  are  on  record. 

It  would  be  equally  easy,  were  it  important  to  do  so  here,  to 
qaote  evidence  aa  to  the  value  of  the  steam  jacket  on  various 
classes  of  engine  in  support  of  my  statements ;  but  it  is  enough 
to  say  that  we  find  in  the  Encyclopffidia  Brittanica  an  estimate 
bom  experiments  of  20  to  25  per  cent  for  simple  engines — the 
<a»e  to  which  I  referred  in  my  paper  when  giving  a  similar  figure ; 
Comut  gives  19  per  cent  for  a  Corliss  engine ;  Him  gives 
about  20  per  cent  tor  a  pair  of  engines  exactly  alike,  as  he  states, 
eicept  in  the  use  or  the  disuse  of  the  jacket ;  the  same  figure, 
Bubstantially,  is  given  by  Hallauer ;  Isherwood  gives  similar  gain 
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for  a  small  simple  engine,  and  the  experiments  of  Emery  on  his 
revenue  boats,  when  operated  as  simple  engines,  give  also  a  very 
similar  figure.  It  would  be  easy  to  find  evidence  in  ample 
amount  proving  a  general  advantage  in  its  use  on  compound 
engines,  while  there  are  now  many  cases  on  record,  going  cer- 
tainly as  far  back  as  Mr.  Isherwood's  work  on  the  Brooklyn 
pumping  engine,  of  no  important  advantage  being  found  to  accme 
from  its  use  on  some  engines,  especially  those  of  high  eflB- 
ciency  due  to  compounding  effectively,  to  high  speed  of  piston,  or 
other  effective  method  of  reducing  those  internal  wastes  which 
the  jacket  is  a  wasteful  apparatus  for  checking. 

I  have  no  doubt  that  it  would  be  easy  to  substantiate  as  com- 
pletely every  essential  statement  in  my  paper.  I  will  see  that, 
at  least  so  f-dir  as  the  jacket  is  concerned,  this  is  done  at  the 
earliest  opportunity,  and  I  anticipate  that  it  will  be  found  prac- 
ticable to  secure  so  much  evidence  that  we  may  conclude  safely 
that  some  of  the  more  important  questions  of  an  earlier  day  are 
now  beyond  dispute,  and  that  the  "expert"  should  be  able  to 
answer  them. 

I  am  sure  that  all  members  of  the  society  interested  in  this 
matter  will  agree  with  me  that  we  are  under  great  obligations  to 
Mr.  Barrus  for  so  excellent  a  collection  of  those  somewhat  rare 
articles  in  this  field — reliable  data. 
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ccrLxur. 
FLOW   OF  STEAM  THROUGH   UlilFJVES. 


Alu  former  meetiug  of  this  society*  an  account  wiis  given  of 
»nie  eiperiinenta  on  the  flow  of  steam  iu  a  iitbe  0.275  of  an  inch 
ill  (tianiefer  tind  eight  inches  long.  The  tube  afforded  comnmni- 
ealioD  between  two  chaiubers  of  suitable  size,  and  the  ex|ieri- 
Bents  coDsisted  essentiallj  in  observing  the  pressurea  of  the 
»teBiu  in  tilt)  two  chambers,  and  in  condensing  and  weighing  the 
rtewD  after  it  bad  passed  the  second  chamber. 

If  it  be  assumed  that  no  heat  is  transmitted  to  or  fram  the 
.steuD  b;  the  tubo,  the  theory  of  thermo-djuamics  giveti  for  the 
V^ooil;  of  the  steam  in  the  tube  : 


-  iCirj  +  5„  -  jB  +  Aff  (p„  -  pj). 


0) 


in  which  A  is  the  reciprocal  of  the  mechanicul  equivalent  of  heat ; 
?  is  tbe  acceleration  due  tu  gravity  ;  w  is  the  velocity  of  the  steam 
in  the  tabe  ;  pa  and  p„  are  the  pressures  in  pounds  per  square  foot 
ui  the  reservoii'  and  in  the  tube ;  r„  is  the  latent  heat  of  vapoiiza- 
tioD,  and  ga  the  heat  of  the  liquid  at  the  pressure  p^  ;  and  r^  and 
ft  »re  corresponding  quantities  for  the  pressure  p^ ;  Xa  is  the  part 
of  one  nnit  of  weight  of  the  fluid  in  the  flrst  chamber  which  is 
steaoi,  \  —  Xa  being  the  part  that  is  water,  wliiie  x^  is  the  part 
*liicli  is  steam  in  the  tnbe  ;  finally  it  is  the  volume  of  one  unit 
of»ei(;ht  of  water.  The  value  of  .i;,,  is  to  be  determined  experi- 
Ueutally,  and  then  ir^  can  be  determined  by  the  equalion, 


/"  cdt      a-»r(,      p 


•  Vol.  X.,  p.  816,  Transactions. 
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7!,  and  7i  being  the  absolute,  and  ta  and  if,  the  Fahrenheit  tempera* 
tures  of  saturated  steam  at  the  pressures  Pa  and  /z^.  Let  the  crosA> 
section  of  the  tube  have  the  area  N  square  feet,  then  the  flow  in 
pounds  per  second  is 

(y  =  ^^!^ (3) 

Vf,  being  the  increase  of  volume  due  to  the  vaporization  of  one 
pound  of  water. 

In  the  application  of  these  equations  to  the  experiments 
referred  to,  it  was  assumed  that  the  pressure  in  the  tube  was  the 
same  as  the  pressure  in  the  second  chamber,  which  gave  appar- 
ently an  absurd  co-efficient  of  flow  of  1.26  when  the  gauge  pressures 
in  the  two  chambers  weie  respectively  69.1  and  4.4  pounds  to  the 
square  inch.  In  the  discussion  of  the  paper,  attention  was  called 
to  the  experiments  and  conclusions  of  Mr.  R,  D.  Napier  and  to 
tlie  review  of  them  by  Rankine.*  Subsequently  the  writer  found 
tie  very  complete  experiments  of  Fliegnert  on  the  flow  of  air,  in 
which  the  pressure  in  the  tube  or  orifice  was  taken  by  a  pressure 
gauge  at  a  side  orifice.  At  the  suggestion  of  the  wYiter,  a  similar 
set  of  experiments  were  made  on  the  flow  of  steam,  by  Mr.  L.  H. 
Kunhardt  of  the  class  of  1889,  Massachusetts  Institute  of  Tech- 
nology, in  the  preparation  of  his  graduation  thesis,  from  which 
the  experimental  and  calculated  results  of  this  paper  are  taken. 

Tlie  apparatus  used  was  entirely  similar  to  that  described  in  the 
former  paper,  and  the  tests  were  made  in  the  same  manner,  except 
that  the  pressure  in  the  orifices  was  taken  by  aid  of  a  side  orifice, 
and  this  pressure  was  used  as  the  pressure  pj,  in  the  equations 
given  above. 

The  several  orifices  represented  in  section  by  Figs.  5,  t),  and  7 
were  each  \  of  an  inch  in  diameter,  were  well  rounded  to  prevent 
contraction  at  the  entrance,  and  were  straight  at  the  lower  end 
for  the  distances  |,  ^,  and  li  inches.  The  side  entrance  in 
eacli  was  .^V  of  an  inch  in  diameter,  and  was  drilled  at  the  middle 
of  tlie  straiglit  part.  When  in  place,  the  orifice  was  screwed 
into  a  brass  phite  between  two  cast-iron  reseiToirs  six  inches 
in  diameter  and  two  feet  long,  and  had  a  brass  pipe  leading 


*  The  Kuginerry  vol.  xxviii.,  |'agt»  350.     1869. 

\  I)cr  Ci'rilinf/uiiti.fr,  vol.  xx.,  page  14,  1874.     Also,  Thermo-dynamics  of  the 
Sttam  Engine,  Peabooy. 
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e  «     <  ^       6i   '),  (be  aeotMid  or  law  preasara  rei- 

to  ft  {KeMore    gaoj      at  a  eotiTement  position       Tbe 
kaaitsbewM deflected  tool     side,  bo  ■ 
as  not  to  interfere  vith  the  jet  from 
fttt  orifloe,  and  the  l6»er  A      only  of 
tta  bcaaB  [date  ma  eororei   with  as-  "^ 
baafcoB  to  eheok  the  flow  of  1  at.    The 
vlkole  apparstns  was  covered  with  as- 
and  hair  felt  and  jaoketed  with 
inm ;  the  loes  of  heat  hy  radia- 
tka  was  kss  than  tiie  probable  erroA  - 
of  obaerration. 

,  Ibe  lemperatnze  of  the  saperheated 
■teaat  in  the  second  chamber  was  taken 
bgr  a  dwnoometer  in    a  di        bn 
e^  filled  with  oil,  and  bow 
pantme  die  oondilion  of  the      <f 
B  the  fint  chamber  oonld  be  o    m 
hted  bf  aid  of  the  eqnati«m 

V.  +  g.  =  A,  +  (^, -/,),  .    (4) 

IB  vbioh  At  is  the  total  heat  of  eatn-  ' 
nted  Gteam  at  tbe  temperature  4  ^ud 
I^esgare  p^,  and  t,  is  the  observed  tern- 
peratnre  of  the  superheated  steam  in 
the  second  chamber. 

Two  distinct  series  of  tests  were 
Bide;  those  recorded  in  Table  I.  show  the  relation  of  the  three, 
pressures  in  the  first  and  the  second  cliambers  and  at  the  side 
oriSce ;  those  recorded  in  Table  II.  give  also  tlie  amountof  steam 
flowing  throagh  the  orifice  per  hour. 

In  tbe  first  series  each  test  is  the  mean  of  from  three  to  five 
Kidings,  taken  at  intervals  of  two  minutes  after  the  apparatus  had 
been  ranning  at  least  ten  minutes  under  nearly  constant  conditions. 
I^nnng  a  test  tbe  pressure  never  varied  so  much  as  a  ponnd ;  that 
i%  DO  single  reading  varied  more  than  half  a  pound  from  the  aver- 
age reading.  Au  examination  of  the  four  groups  of  experiments 
abovs  that  in  each  group  tbe  pressure  at  the  side  orifice  is  afi'ected 
bnt  little  by  change  of  pressure  in  the  second  chamber  till  tbe 
ibsolate  pressure  in  that  chamber  approaches  half  that  in  tbe 
Erat  chamber.     As  the  lower  pressure  approaches  half  tbe  upper 
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pressure,  the  pressure  at  the  side  orifice  slowly  increases;  bii 
when  the  lower  pressure  becomes  more  than  half  the  upper  press 
uve,  the  pressure  at  the  side  orifice  increases  markedly  with  th 
pressure  in  the  lower  chamber. 

The  tests  of  the  second  series,  given  in  Table  II.,  were  intendes 
to  be  half  an  hour  long  ;  some  were  only  twenty  minutes  long,  s 
ill  the  ordinary  work  of  the  laboratory  it  was  not  always  easy  ^ 


TABLE  I. 


PHESSURE  TESTS. 


Pres.<*ubi 

:  A  BOTE  THE  AtHOB- 

••"     . 

-^iis-o.- 

.^  i  o  ^     a 

c 

PUERE,  ] 

PoUND!»  PEB  S<).  In. 

as 

C^**  -  «,  e 
o  »£cfi  g 

<  8*05  o"* 

In  First 

In  Second 

At  Side 

Chamber. 

Chamber. 

Orlilce. 

«2^S« 

gcs^^fc 

1 

In. 

1  5 

72.5 

12.7 

40.3 

14.7 

0.814 

0  631 

2 

l.r» 

72.4 

14.7 

40.3 

14.7 

0.887 

0.631 

8 

1.5 

72.4 

19.6 

4<).4 

14.7 

0.394 

0.638 

4 

1.5 

72.2 

24  6 

40.7 

14.7 

0.452 

0.640 

5 

1.5 

72  8 

•J9.8 

41.0 

14.7 

0.505 

0.B40 

6 

1.5 

72.8 

84.5 

41  8 

14.7 

0.565 

0  648 

7 

1.5 

72.5 

40.0 

44.6 

14.7 

0.681 

0.680 

8 

1.5 

72  5 

44.7 

47.8 

14.7 

0.717 

0.710 

0 

0.5 

72.4 

18.6 

88.6 

14.8 

0.820 

0.612 

10 

0.5 

78.9 

15.6 

89.4 

14.8 

0.843 

0.618 

11 

0.5 

72.2 

20.0 

88  8 

14.8 

0.400 

0.616 

12 

0.5 

72.4 

25.2 

;i9.0 

14.8 

0.459 

0.616 

18 

(L5 

72.5 

29.7 

89.4 

14.8 

0  510 

0.621 

14 

0  5 

72.1 

;.4.8 

89.7 

14.8 

0.594 

0.62S 

15 

0.25 

72.4 

27.1 

86.1 

14.8 

0.480 

0.584 

10 

0.25 

72.4 

27.9 

36.1 

14.8 

0.490 

0.584 

17 

0.25 

72.6 

28.7 

36.3 

14.8 

0  498 

0.585 

18 

0.25 

78.8 

29  6 

86.7 

14.8 

0.504 

0.585 

19 

0.25 

74.0 

80.1 

37.1 

14.8 

0.500 

0.584 

'^0 

0.25 

78.5 

3i.8 

37.0 

14.8 

0  A84 

0.587 

21 

0.25 

71.8 

8:i.8 

^    8'i.l 

14.8 

0.5>!4 

0.591 

22 

0.25 

72.7 

85.5 

87.2 

14.8 

0  575 

0.594 

28 

0.25 

124.3 

26.9 

67.5 

14.7 

0.299 

0.592 

24 

0.25 

127.8 

81.0 

69.8 

14.7 

0.822 

0.592 

25 

0.25 

125.3 

84.8 

68.4 

14.7 

0.a54 

0.594 

26 

0.25 

127.6 

40.6 

70.2 

14.7 

0.889 

0.596 

27 

0  25 

128.1 

46.9 

70.4 

14.7 

0.481 

0.596 

28 

0.25 

125.9 

49.0 

69.8 

14.7 

0.467 

0.597 

29 

0.25 

125.9 

54.1 

(>9.5 

14.7 

0.489 

0.598 

80 

0  25 

1-26.0 

57.5 

69.5 

14.7 

0.518 

0.598 

81 

0  25 

120.3 

60.0 

69.7 

14.7 

0.580 

0.5M 

82 

0.25 

126.5 

64.7 

70.2 

14.7 

0.562 

0.601 
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^ 
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U.7 

l-^^t 

Wl 

iss.f 

o.oof 

8W,( 

SM.r 

91U 

|!C6D 

■■ininttua  a  constant  eteam  pressure  for  half  an  hour.  Iq  tUe 
ttitteentli  test  the  greatest  variation  from  the  average  presaiire 
■>s 2.5  ponnJs ;  in  the  first  and  third  teats  the  gieatest  Tariation 
>as  2.2  pounds  ;  In  all  other  tests  the  variation  was  less  than  two 
ponDiJR.  In  the  fonrth,  fifth,  tenth,  eleventh,  and  twelfth  tests 
tlie  greatest  variation  was  not  more  than  0.5  of  a  pound.  The 
low  of  steam  per  hour  was  obtained  by  condensing  and  w^ghing 
lie  steam  flowing  from  the  second  chamber.  The  calculated 
""If  giyen  in  column  12  was  found  by  multiplying  the  result  ob- 
fiined  by  aid  of  equation  (3)  by  3600,  the  number  of  seconds  in 
""tionr.  In  column  13  are  given  the  results  obtained  by  apply- 
'xg  to  these  cases  the  equation  proposed  by  Mr.  Nupier : 


:  O 


70 


*i!h  the  assnmption  that  the  steam  in  the  first  chamber  was  dry 
^  saturated.     As  determined  by  the  temperature  in  the  second 
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chamber,  the  primiDg  in  the  first  chamber  was  from  1  to  2  p 
cent.  In  the  above  equation  i^is  the  flow  in  pounds  per  seconc 
G  is  the  area  of  the  orifice  in  square  inches ;  p^y  the  pressure  : 
the  first  chamber  in  pounds  per  square  inch,  and  70  is  an  empi 
ical  divisor. 

It  is  notable  that  each  of  the  four  groups  of  tests  in  Tuble  I 
shows  an  apparent  co-efBcient  of  flow  greater  than  unity ;  that  i 
the  actual  flow  is  larger  tlian  that  calculated  by  the  thermc 
dynamic  equation.  The  co-efficient  for  each  group  is,  howeve 
fairly  constant,  the  greatest  variation  from  the  mean  for  a  grou 
being  less  than  one  per  cent.,  except  in  the  case  of  the  fourth  tes 
The  thermodynamic  equation  is  deduced  with  the  assnmptio 
that  no  heat  is  communicated  to  the  steam  during  the  flow.  No 
it  is  apparent  that  heat  is  communicated  to  the  steam,  since  tl 
orifice  and  the  plate  into  which  it  is  screwed  are  exposed  to  tl 
steam  at  the  highest  pressure,  and  such  communication  of  hei 
might  be  expected  to  increase  the  flow,  but  the  extent  of  this  a" 
tion  cannot  now  be  stated.  On  the  other  hand,  the  pressure  \ 
the  side  orifice,  placed  at  the  middle  of  the  length  of  the  straig] 
part  of  the  tube,  is  less  as  the  tube  is  shorter,  while  the  flow  ai 
the  co-efficient  of  flow  are  greater,  showing  an  apparent  frictic 
or  resistance  to  flow  for  a  longer  tube  as  compared  with  a  short 
tube.  For  the  shorter  tubes  the  flow  calculated  by  Napier's  m 
is  in  all  cases  less  than  the  actual  flow,  but  greater  than  the  flc 
calculated  by  the  thermodynamic  equation.  For  the  longest  tul 
the  flow  calculated  by  Napier's  rule  is  greater  than  the  actu 
flow  except  for  the  fourth  test,  which  has  an  exceptionally  lai^ 
co-efficient  of  flow  as  compared  with  other  tests  of  the  group. 

In  conclusion,  it  should  be  stated  that  all  the  tests  and  calcul 
tions  were  made  by  Mr.  Kunhardt,  who  also  tested,  calibrated,  ai 
corrected  the  thermometers,  gauges,  and  other  instruments  use 

[Note. — This  paper  was  presented  and  received  discussion  jointly  mfh  t 
nuthar's  oilier  paper,  No.  364,  on  the  errors  of  different  lype^  of  calorimetei 
published  on  page  11)3  of  Volume  XI.  of  the  Transactions.'] 
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f-^  -^V  EXPERIMENTAL   STUDY   OF  THE  ERRORS   OF 
I    ■"         DIFFERENT  TYPES   OF   CALOUIMBTEHS. 


T'ms  paper  gives  tlie  reaulta  of  some  experiments  on  oatori- 
etsrs  for  dettirmmiDg  the  moisture  ia  steum,  mnde  by  Mr.  Wil- 
*ton  in  the  Inbor atones  of  the  Massachusetts  Institute  of  Tech- 
1  the  preparation  of  his  graduation  thesis.  The  object  of 
experiments  was  to  determine  the  nature,  magnitude,  and 
OSes  of  errors  in  calorimeters  of  different  types,  and  to  find  how 
aa?oid  them,  or  how  to  correct  them  if  unavoidable, 
FoQr  forms  of  calorimeters  wore  used  in  the  experiments ; 
fl/  !i  ihrottliu^  calorimeter  designed  by  the  writer ; 

(2)  a  Barrus  continuous  water  calorimeter ; 

(3)  a  Hoadley  calorimeter; 
(1)  a  barrel  calorimeter. 

Tbe  first  three  types  have  been  described  in  the  Transactions,* 
ud  for  the  first,  t.  e.,  the  throttling  calorimeter,  the  theoretical 
linils  of  action  have  been  stated.  It  may,  however,  be  convenient 
to  We  tbe  following  brief  description. 

The  throttling  calorimeter  consists  of  a  chamber  into  which 
Bleam  ia  admitted  through  a  throttle  valve,  and  from  which  it 
E^pes  through  a  lai^er  valve.  The  steam  is  superheated  by  the 
OinHtliug  or  withdrawing,  and  its  condition  can  be  entirely  deter- 
"liiied  by  the  temperature  and  pressure,  which  are  taken  by  a 
uetfflometer  and  pressure  gauge.  The  pressure  of  the  steam  in 
(he  main  steam  pipe  from  which  the  sample  is  taken  is  also  ol>- 
swred.  The  calorimeter  and  the  pipe  and  valve  leading  to  it  are 
'ell  wrapped  with  non-condncting  material  to  prevent  radiation. 
If  it  1)6  assumed  that  no  heat  is  lost  by  the  steam,  the  heat  in  one 

•  TruuMCtion*,  voL  X.,  p.  827:  vol.  VI.,  p.  2B7;  vol.  VI..  p.  715. 
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pound  will  be  tlie  same  in  the  calorimetor  as  in  the  miun  atea] 
pipe,  and  we  have  the  equation 

a;}'  +  q  =  ^^  +  Cp  {t,  ~  Q, (1)1 

in  which  x  is  the  part  of  one  pound  of  fluid  in  the  steam  pipe  thai 
is  steam,  I  —  x  being  water ;  *■  is  the  heat  of  vaporization,  und 
the  heat  of  the  liquid  at  boiler  pressure ;  Aj  ia  the  total  heat,  and 
tg  the  temperature  of  saturated  steam  at  the  pressiu-e  in  the  calori- 
meter; t,  is  the  temperature  of  the  superheated  steam  in  the 
calorimeter;  and  c,,  is  the  specific  heat  of  superheated  steam  at 
constant  pressure  (0.48  nearly).  From  the  equation  (1),  the  value 
of  a;  and  1  ~  x  are  readily  found  with  the  aid  of  a  table  of  the 
properties  of  saturated  steam. 

The  BaiTus  calorimeter  consists  essentially  of  a  straight  vertical 
tube  running  through  an  open  wooden  bucket  and  forming  a  small 
surface  condenser.  The  condensed  steam  is  coheoted  at  the  botr 
torn  of  the  tube,  cooled  and  weighed.  The  condensing  water 
let  in  so  as  to  circulate  round  the  tube,  is  then  mixed  and  drai 
off  and  weighed  separately.  The  pressure  of  the  steam  is  ob- 
served, and  the  temperatures  of  the  condensed  water  and  of  the 
cold  and  wurm  condensing  water  are  taken.  Let  the  weight,  of 
the  condensed  water  be  to,  and  of  the  condensing  water  IF;  let  r 
be  the  heat  of  vaporization,  and  j  the  heat  of  the  liquid,  of  steam 
at  the  pressure  in  the  supply  pipe  ;  let  qs  be  the  lieat  of  the  liquid 
at  the  temperature  of  the  water  resulting  from  the  condensation 
of  steam,  collected  at  the  bottom  of  the  vertical  tube  before  it  is 
passed  through  the  cooler,  and  let  q^  and  ^^  be  the  heats  of  tha 
Uquid  coiTespoudiug  to  the  initial  and  final  temperatures  of 
condensing  water.  Then  the  quality  of  the  steam  a:  and 
amount  of  "priming  I  —  x  may  be  calculated  by  the  equation 


mil 

>Otr    ^J 

■M 


V!  {xr  +  q  —  q,)  =  lV{q,-  q,)  +  e,     .     .     .     (3] 

in  which  e  is  the  heat  lost  by  external  radiation,  to  be  determined 
by  a  special  experiment. 

The  Hoadley  calorimeter  is  non-continuous,  and  consists  of  a 
surface  condenser  of  thin  copper  to  which  steam  is  admitted,  and 
in  which  it  is  collected,  placed  in  a  thin  copper  cyhnder  contain- 
ing the  condensing  water,  and  thoroughly  wrapped,  lagged  and 


I 
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il  with  dder-down  uad  hair-lelt  in  sptujes  formftd  by  thna 
centric  galvanized  iron  oyliiiden.  ArmngementB  are  nude  for 
ceddcosiiig  water  and  for  taking  the  mean  tempera- 
itlnrimeter  is  placed  on  a  speoia]  platform  aoale  so'  that 
Teigbts  may  l»e  taken  ol  the  calorimeter  (1),  when  empfy;  (2), 
■ben  the  cooliog  water  is  nm  in ;  (8),  wben  steam  has  been  ad- 
nittKl,  coD^euaed  and  oolleoted  in  the  aorCace  condenser.  The 
ftuijensed  wtit«r  tiiaj  also  be  drawn  off  and  wughed  separately, 
kt  not  satisfaottvilj,  as  more  or  less  water  will  adhere  to  the 
atlee  of  the  condenser.    Hie  eqnsiion  given  for  this  ease  ia , 


w  (  X  r.+  ff  -  ft)  =  C^  +  1*^0  (ft  -  ?i)  +  «. 


(8) 


id  wliicli  w  and  W  are  the  we^ts  of  the  condensed  steam  and 
coDdotJung  wateTi  and  W  is  the  water  equivalent  of  the  oopper 
(orminv  the  condenser  and  calorimeter ;  r  is  the  heat  of  vapori- 
ZfttioQ.  and  q  the  heat  of  the  liquid  eotresponding  to  tiie  pressure 
of  the  s&Dipleirf  steam;  ^jand^arethe  initial  and  final  tem- 
perstoies  of  tlie  oooling  water ;  and  s  is  the  external  radiation, 
j  "tiile  X  is  the  ^nalify  of  the'*  steam  and  1  —  x  is  the  amoont  of 
primiDg, 

The  b&irel  ^orimeter  was  a  wooden  barrel  set  on  scales,  with 
Pfw  and  valves  for  Bupplying  cold  water  and  steam,  and  with 
■  luge  valve  for  rapidly  emptying  the  barrel  at  the  end  of  a  test. 
The  temperatare  of  the  cold  water  wiis  taken  before  it  entered 
fte  barrel,  and  the  correction  fur  radiation  and  the  water  eqaiva- 
knt  of  the  barrel  avoided  by  first  filling  the  barrel  with  hot 
water  at  abont  the  temperatare  of  the  contentB  of  the  barrel  at 
tiie  end  of  the  test,  and  then  emptying  rapidly  and  filling  with 
oold  water  for  the  test.  The  equation  for  this  case,  using  the 
tame  notation  as  in  the  preceding  equations,  ie, 


w(xr  +  y-y,)=  ir{y,-yi),. 


(4) 


At  the  suggestion  of  the  writer,  the  calorimeters  were  supplied 
with  superheated  steam,  for  which  the  condition  could  be  known 
from  the  temperatare  and  pressure,  provided  that  Begnanlt's 
vabe  of  the  specific  heat  Cp  may  be  assumed  to  be  true  at  all 
temperatures  and  pressorea.  In  moat  of  these  tests  the  steam 
«M  si^ierheated  only  a  small  amount  to  avoid  uncertainty  from 
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this  source.      II  X  is  the  total  heat  and  tlie  temperature  of  sata- 
rated  steam  at  the  pressure  in   the  supply  pipe,  aud  if  t',  is  tem- 
perature of  the  Huperlieated  steam  in  that  pipe,  then  eqaatioi 
(1),  {;2),  (3)  and  (4)  become, 

A +Cp(f,-0  =  A, +  (7j(C. -g, (5).^ 

y^{^-q,)-Vc,{t''.-t)  =  Wi<i,-q,)  +  e (6)] 

-    v^{\-q^)  +  <^p{t'.-i)=W{q,~g,) (8)] 


(1)  Thhottlihq  Calobjmeter. 

The  errors  of  this  calorimeter  are  of  two  sort^ — tliose  arisiDj 
from  inaccuracies  of  the  thermometer  or  the  gauge,  which  can 
calculated,  aud  those,  like  the  error  from  radiation,  which  canni 
be  calculated. 

In  the  description  previously  given,  it  was  pointed  out  that 
small  inaccuracies  of  thermometer  or  gauge  had  slight  effect  on 
the  iudicatiouB  of  this  calorimeter.  Thus  at  100  pounds  pressure 
absolute,  an  error  of  one  pound  in  pressure  giving  apparently  101 
pounds  will  make  the  priming  appear  to  be  from  0.02  to  0.03  of  a 
per  cent,  larger  thau  it  really  is.  At  SO  pounds  absolute  the  error 
may  be  twice  as  much.  On  the  other  haud,  an  error  of  one  pound 
in  the  reading  of  the  calorimeter  gauge  may  give  an  error  of  0,2 
of  one  per  cent,  when  the  pressure  is  5  pounds  absolute,  and 
error  of  0.026  when  the  pressure  is  35  pounds  absolute, 
error  of  one  degree  in  the  thermometer  may  give  an  error  of  0.02i 
of  one  per  cent. 

Two  series  of  tests  were  made  on  this  calorimeter  usiug  super- 
heated steam  ;  the  first,  for  which  the  results  are  given  in  Table 
I.,  to  determine  the  effect  of  varying  degrees  of  throttling  and 
superheating,  and  the  second,  for  which  the  results  are  given  in 
Table  II.,  to  determine  the  effect  of  iiinning  varyiug  amonnta  of 
steam  through  the  ciilorimeter. 
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TABLE  I. 
THSOnXIRO  CALOBIMBTXa. 


1 

i! 

.3 

1" 

S 

1 

fl 
P 

1 

sa.a 

iB.g 

818. a 

280. S 

4.3 

K,4 

a. 6 

80.6 

28.8 

817-4 

385.3 

5.4 

48.4 

2.5 

80.S 

28.4 

318.0 

388.1 

6.8 

40,  B 

3.0 

»,8 

83.7 

B18.4 

2B(t.5 

6.S 

35.3 

8.0 

W.8 

87. 0 

818.5 

29SA 

0.0 

80.  t 

3,4 

W.4 

M,l 

358.1 

818.0 

Bfi.l 

100.0 

6.8 

87.4 

3B.a 

300,6 

343.0 

S3.0 

03.3 

8.0 

8T.3 

84.5 

330.1 

344.0 

B3.8 

85.7 

7.4 

»        87.3 

39.8 

348.8 

345.4 

31.0 

79.3 

7,6 

The  first  five  tests  were  ma 
the  supply  pipe  to  determine  t       qauli  1 

asuearly  !i8  possible  tiie  Bani'    j         ity  of  i      t 

ike  caiohmeter  per  minate. 

The  last  four  tests  were  made  with  a  considerable  amonnt  of 
nperheating  in  the  supply  pipe,  and  with  also  a  varying  degree 
(tf  tbrotthug.  The  loss  of  heat  per  pound  is  about  double  that  in 
the  preceding  set  of  tests,  but  this  is  due  to  the  fact  that  less 
steam  per  minnte  was  ran  through  the  calorimeter ;  the  radiation, 
tbongh  laiger,  could  not  have  been  twice  as  great  as  in  the  pre- 
eeding  case.  Each  set  of  tests,  considered  by  itself,  shows  tliat 
the  eflfeot  of  varying  degrees  of  throttling  has  a  very  small  influ- 
ence OS  the  reBolt,  the  greatest  variation  in  the  loss  for  either 
group  being  1.2  thei^mal  unite,  or  about  one-tenth  of  one  per  cent. 
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TABLE   II. 
TnBoTTLiHe  CAuotmatTKL 


=  1 


An  examination  of  Table  II.  shows  that  the  greatest  error  oi 
this  calorimeter  oomes  from  radiation,  and  that  for  small  qnanii- 
ties  of  steam  per  honr,  tlie  error  may  be  2.2  per  cent.  Bnt  the 
table  also  bIiowb  that  the  error  may  be  reduced  to  one-tenth  of 
one  per  cent,  by  the  simple  expedient  of  mnning  a  sufficient  qnan- 
tity  of  steam  per  hour.  For  the  calorimeter  nsed,  which  was  fonr 
inches  in  diameter  and  ten  inches  long,  at  least  120  ponnds  of 
steam  per  boar  should  be  used.  As  the  calorimeter  has  been 
made  with  a  simple  valve  for  admitting  steam,  there  ia  no  mj 
of  knowing  how  much  steam  is  used  except  by  condensing  and 
weighing  it.  In  the  fature  it  is  proposed  that  these  colorimeterB 
shall  be  provided  with  rounded  oriiices  of  suitable  size  for  giving 
the  proper  quantity  of  steam  per  honr.  The  diameter  of  the  oii- 
flce  may  be  calculated  with  sufficient  accuracy  by  the  following 
formula  given  by  Napier : 


■  70 


in  which  G  is  the  flow  of  steam  per  second  for  the  area  fin 
square  inches,  and^  is  the  absolute  pressure  above  the  orifice  in 
pounds  per  sr^Uiire  iucb.  For  the  calorimeter  used  in  these  testa, 
the  orifice  shituld  be  about  0.2  of  &d  inch  iu  diameter. 
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Tbe  greatest  defoot  in  this  iype  of  oaloiimeterhaB  been  shown 
)be  tiiat  the  steam  vill  not  be  enperheated  by  tbrotUing  if  -  the 
pnnuof^lsuore  than  ft  certain  per  ceut  depending  on  the  pressore 
of  the  steam.  Tliis  defect  may  perliaps  be  remedied  hj  letting 
tbe  Rteam  flow  throogh  a  priming  box  with  provision  for  with- 
dnving  aod  measoring  the  water  that  collects  in  it,  from  which 
Un  A»  steam  can  flow  tUroogh  an  curiflce  to  the  aapei;heating 
cbaulifr.  In  such  ease  £he|flow,tiirongh the  orifice  mnst  tie  deter^ 
Diiiieil  by  special  ozperim4>^  ^  ^  tests  on  flow  of  steam  pre- 
mki  ikl  tLis  meeting  show,  that  Rapier's  fonnnla  may  be  in  error 
to  (be  ntent  of  two  par  cent. 

(2)  The  Babbcb  Oaloboietib. 

Witb  tills  type  oE  oalorimeier  aeonrate  inatrnmenta  and.  a  very 

(oniderable  degree  of  oare  and  skill  are  required  to  give  good 

nmlta.  Thus,  an  error  of  one-hundredth  of  a  degree  F.  in  thetem- 

fwratnre  of  the  cooling  water,  whether  cold  or  warm,  will  piodaoe 

u  mor  of  one-tliiitieth  of  one  per  cent  in  the  reanlt.    An  error 

ofooed^ree  intUetemperatoreof  the  oondensod  steam  will  affeot 

tbe  result  by  one-tantb  of  one  per  oent.     It  appears  that  a  good 

ttennometer  «ill  answer  for  the  latter,  but  that  for  the  former  an 

eiceptiouully  good  thermometer  mnst  he  used  and  that  changes 

of  the  freezing  point  are  to  be  guarded  against.     An  error  in  the 

Bteam  pressure  is  not  much  more  serious  tiisn    or  the  throttUng 

calnrimeter.     The  greatest  difBculty  is  in  determining  the  weight 

of  the  condensed  steam  and  of  the  cooling  water.    Ad  error  of  oae- 

bnodredth  of  a  poand  in  the  deternaination  uf  the   condensed 

ateam  will  caase  an  error  of  one-tenth  of  one  per  cent,  in  the  result 

in  a  test  of  twenty  minutes  dnration.     A  slight  difference  of  level 

of  the  water  in  tlie  glass  water  gau^e  on  the  pipe  draining  the  cod- 

denong  pipe  will  make  such  a  difference  in  weight,  but  this  error 

is  constant,  and  the  per  cent,  of  error  can  be  reduced  by  a  longer 

test    Common  platform  scales  are  commonly  used  for  weighing 

the  condensing  water,  and  they  are  liable  to  an  eiTor  of  half  a 

pound,  which  for  a  test  of  twenty  minutes  will  give  an  error  of 

fifteen  one-hundred tfas  of  a  per  cent,  in  the  restilt. 

In  Table  UL  are  given  the  data  and  results  of  tests,  twenty 
minutes  in  dnration,  on  a  calorimeter  of  this  type  when  supplied 
with  snperbeated  steam.  The  small  differences  between  tlie  heat 
Bopphed  and  the  heat  accounted  for  show  that  the  calorimeter  is 
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capable  of  good  work,  and  that  it  is  Dot  nflce38ai7  to  c 
radiatioD. 


TABLE  in. 

BARRUa  CAU)HIUETER. 
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10 
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Bi.W 

aii.9 

11.11 

ll«,7 

- 

(3)  HOADLET  CaLOBIHETER. 

With  this  calorimeter,  an  error  of  one-Imndredtb  of  a  c 
the  temperature  of  the  condeosisg  water  will  cause  an 
0.01  of  one  per  cent,  iu  the  result.  An  error  of  one  poui 
weight  of  the  condensing  water  will  cause  an  error  in  the 
0.5  of  one  per  cent.,  while  an  error  of  one-tenth  of  a  poui 
weight  of  the  condensed  steam  may  give  an  error  of  two 
The  difficulty  and  uncertainty  of  drawing  this  water  oj 
weighing  it  separately,  is  the  most  ohjectionable  featur 
calorimeter. 

In  testing  this  calorimeter  with  superheated  steam,  th 
was  constant,  and  during  the  intervals  of  a  series  of  tesi 
diverted  into  a  condenser  to  dispose  of  it.  The  data  am 
of  the  tests  are  given  in  Table  IV.  The  water  equivalei 
copper  forming  tlie  calorimeter  and  surfuce  condenser  w 
mined  by  Mr.  Hoadley  to  be  17.2  pounds,  and  is  incliidi 
weights  of  condensing  water  given. 


THE  EEBOBS  OF  DIFFEOENT  TYPES  OF  OALOfilHETBBS.         201          ^H 

TABLE   I?.                                                                     ^H 

&OADI.ST  CALOHIMSTKB.                                                                     ^H 
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(4)    BABBEL    CALOBmETER.                                                               ^M 

The  tests  given  in  Table  V.  were  made  on  a  banel  eiilorimetRr         ^1 

*»  (he  sake  of  comparison  with  the  testa  on  the  caloriiaeters  of 

other  types.     They  were  made  with  care  and  may  be  considered 
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TABLE  V. 

BARREL  CAIiORIVETBR. 
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DISCUSSION. 

Mr.  A.  Faber'du  Faur. — It  appears  that  the  tubes  used  in  tk^i 
experiments  were  not  such  as  would  admit  of  a  perfect  deyelop^ 
ment  of  the  jet  according  to  the  formula. 

A  careful  investigation  of  the  teachings  of  the  formula  wo 
have  excluded  the  assumption  that  the  pressure  in  the  tube  wi 
the  same  as  the  pressure  in  the  second  chamber ;  it  would  ha' 
shown  no  essential  difference  between  the  calculated  values 
the  results  of  the  experiments,  and  certainly  no  "  apparen 
absurd  co-efficient  of  flow  of  1.26  ;"  no  pressure  gauge  at  a  siS 
orifice  would  have  been  required,  except  to  confirm  the  correct 
ness  of  the  formula. 

A  careful  study  of  the  formula  should  have  indicated  the  for  - 
to  be  given  to  the  pipes  or  nozzles  under  the  various  conditiod= 
of  initial  and  final  pressure. 

About  twenty-five  years  ago,  while  studying  Zeuners'  book 
Thermodynamics  (Freiberg,  1860),  I  calculated  an  example 
flow  of  steam  by  a  formula  substantially  the  same  as  in  the 
sent  paper.  The  problem  was  to  find  the  velocity  of  flow  an-^ 
the  diameter  of  pipe  for  one  pound  of  steam  supplied  at  64. « 
pounds  above  atmospheric  pressure,  and  expanding  without  trans- 
fer of  heat. 


A»eri8  rela- 
tively to 
smiilleiit 
Areas. 
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The  annexed  diagram  (Fig.  94)  and  figures  show  the  results  of 
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tteealcolations  for  consecutive  changes  of  temperature  of  nine 

^Jegreea.    The  abscissas  are  laid  down  by  an  arbitrary  scale  pro- 

/M>rtional  to  the  energy  exerted  in  producing  velocity,  so  as  to 

flVe  equal  work  for  equal  distances.     I  have  not  been  able  to 

^>d  a  formula  for  the  length  of  the  nozzle. 

An  inspection  of  the  diagram  shows  that  after  the  pressure  has 

n  reduced  to  about  30  pounds  it  cannot  be  further  reduced 

^thin  the  nozzle,  unless  the  diameter  of  the  same  be  enlarged. 

^*lxe  alleged  "  absurd  co-efficient "  is  fully  explained  by  the  ratios 

^    areas  of  the  partially  developed  and  the  fully  developed  jet 

B"^tween  the  area  at  23.5  pounds  and  at  5.07  pounds  the  ratio  is 

*  S,  or  more  than  the  alleged  co-efficient  of  1.26,  in  the  calcula- 

E^tioD  of  which  the  area  of  the  imperfectly  developed  jet  was 

en,  instead  of  the  larger  area  for  4.4  pounds  pressure.     Had 

e  area  of  the  pipes  used  in  the  experiments  been  properly 

ntracted  between  the  second  and  first  chamber,  no  co- efficient 

1.26  would  have  been  found. 

The  smallest  diameter  of  the  nozzle  calculated  by  me  is  about 

one  inch,  while  the  smallest  diameter  of  the  nozzles  used  in  the 

experiments  is  |  inch,  so  that  at  equal  initial  pressures  the 

'Weights  discharged  should  be  as  to  16  to  1.     The  large  nozzle 

^as  calculated  for  a  flow  of  3600  pounds  per  hour  at  64.3  initial 

pressure  ;  the  J-inch  nozzle  at  71  pounds  initial  pressure  gave  215 

,     ,        ,.    3600      ,^^ 
pounds,  ratio    ,^r,  =  16.9. 

J/r.  //.  JV,  Spangler, — Since  the  appearance  of  Professor  Pea- 
Wy's  first  article  ou  his  calorimeter  I    have  been  trying  to  re- 
peat some  of  his  experiments,  and  I  must  have  been  very  unfor- 
tunate, for   I   have  a  very  strong  recollection  that    with  two  of 
those  machines   put    on  the  same    pipe,  having    superheated 
steam,  I   found   nothing  like  the   same   result.     I   have    been 
as  careful  as  I  knew  how  with  my  thermometers  ;  I  compared 
tliem   very    carefully ;  the  gauges  which    I   had  were    tested. 
Those  of  the  two  calorimeters  were  identically  the  same,  and 
were  especially  made    for  this  work,   and  I  had  considerable 
trouble  in  getting  anything  like  reasonable  results  cmt  of  them. 
I  was  interested  in  the  matter  in  the  same  way  that  Professor 
Peabody  was,  because  I  felt  the  need  of  sonjething  which  will  do 
this  sort  of  work  satisfactorily.     I  also  attempted  to  use  Barrus' 
calorimeter  in  the  same  way,  and  I  sent  siiperheatod  steam  into 
those  calorimeters  to  start  with,  and  I  found  about  the  same 
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amount  of  difficulty  with  them,  and  the  whole  matter  to 
a  very  uasatisfaotory  condition. 

Frof.  J.  E.  Daiton. — I   think   these   papers  are  very  valual 
contributions  to  the  subject   of  which  they  treat-.     If  I  iiadi 
stand  the  results  aright  the  simple  formula  of  Napier  gives 
aults  accurate  to  within  a  couple  oE  per  cent.     That  is  certainly 
something  worth  verifying,  viz.:   that  one-seventieth  of  the  ab- 
solute pressure  is  the  flow  per  second  into  the  atmosphere. 

It  seems  to  me,  in  regard  to  the  calorimeters,  that  it  is  certainly 
a  very  nice  idea  to  use  superheated  ateara.     I  understand  that 
the  barrel  calorimeter  repeats    itself   within   a   ran^e   of   two. 
per  cent,  to  seven-tenths  of  one  per  cent,  error.     As  this  is  asul 
ject  about  which  there  has  always  been  a  great  deal  of  d 
sion,  I  am  very  glad  to  have  a  ohance  to  agree  with  some  oi 
as  I  can  with  Professor  Peabody,  that  the  errors  of  the   barrel 
calorimeter  are  the  errors  of  the  matiipulation  of  a  complicated 
process.     We  all  know  thsit  with  a  barrel  we  have  made  steam 
dry  ia  the  one  test,  and  in  the  next  test  it  has  30  per  cent.  rf„ 
primiug,  and  in  the  next  it  is  200'  superheated.     I  thoroughly 
agree  with  the  author  that  the  barrel  calorimeter  ia  just  as  accu- 
rate an  instrument  as  we  can  make  it  by  manipulation,  but  that 
without  great  precaution  in  its  use,  involving  much  preliminary 
practice  not  usually  present  in  our  boiler  tests,  the  errors  wilL' 
be  esC'essive.     But  of  course  the  barrel  is  not  as  desirable 
the  more  modem  forms  of  instrnments. 

Mr.  Jas.  MrBridtf. — In  the  last  few  months  I  have  made  about 
forty  esperimenta  with  ban-el  calorimeters.  I  weighed  the 
water  as  carefully  as  possible  on  a  platform  scale  reading  qnar- 
ter  pounds,  and  used  a  thermometer  graduated  to  tenths  of  a 
degree,  and  found  I  got  priming  from  one-half  of  one  per  cent, 
up  to  slightly  over  nine  per  cent,  in  about  forty  experiments. 
They  varied  about  that  amouut.  I  tbiuk  I  got  in  the  whole  fort^ 
experiments  I  mad>3  six  negative  results  which  would  show  siipevl] 
heating.* 

Mr.    Geo.    H.   BabcwK^-I   hope   the   author  will  parmit  me 
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re  made  iii  I  wo  eels  of  iweiity  eacb,  running  over  several 
I  tliiiik.  They  wore  miicifl  onder  all  sortsof  condltl-ins, 
1,  full  loud  and  no  load,  Lifrh  watvr  iii  the  boilem  tuid 
1  liffht  Rne.  The  maaQ  priming  for  nneaet  wu  fanr 
aui  for  iho  other  three  nnd  sli-tentlis,  so  that  I  think. 


"nieBeeiperiments  w 
weeks— eo  me  thirty  dttyt 
Vigh  Hte&m  mid  luw  slea 
low  water.  Hnd  heavy  ar 
Knd  Bli-tenths  per  ceiil.. 
if  the  eipetiments  are  tonducied  catefttlly,  ihey  will  give  t,  very  accurate  It 
the  qaalliy  of  ihe  sIkbiu. 
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to  correct  an  error  into  which  he  has  inadvertently  fallen  in  ac- 
crediting the  formula  G^  =  i^^  to  Mr.  R  D.   Napier.     For  this 

Twy  simple  formula  we  are  indebted  to  Prof.  W.  J.  Macquom 
Banldne,  though  the  experiments  from  which  it  was  deduced 
were  made  by  Mr.  Napier.  Prof.  Kankine  called  it  a  "  rough 
ipproximation/'  evidently  not  supposing  that  it  would  be  found 
80  closely  true   to  fact  as    Prof.  Peabody  has  demonstrated. 

The  formula  proposed  by  Napier  *  was  W=150y  n- ,  in   which 

W=  weight  of  steam  flowing  from  pressure,  P,  per  minute,  into 

p 
a  pressure  =  or  <  o  ,  *^^  -^  *^®  specific  volume  of  the  steam 

at  the  pressure  P.  This  formula,  though  fairly  approximate,  is 
not  as  simple  or  as  near  correct  as  Bankine's.  It  is  also  true  that 
Napier  measured  the  pressure  within  the  orifice  in  the  same 
mannert  as  was  afterwards  done  by  Fleigner,  and  in  the  prepa- 
ration of  this  paper. 

Mr.Geo.  IL  Barrm. — Professor  Peabody's  reference,  under  the 
head  of  "  Throttling  Calorimeter,"  to  the  defect  of  this  form  of 
instnlment  and  to  its  remedy  by  "  letting  the  steam  flow  through 
a  priming  box,  with  provision  for  withdrawing  and  measuring 
the  water  that  collects  in  it,  from  which  box  the  ste«am  can  flow 
through  an  orifice  to  the  superheating  chamber,"  evidently 
refers  to  an  apparatus  which  was  devised  by  nie  a  year  or  more 
ago,  and  to  which  I  have  given  the  name  of  "  Universal  Calori- 
meter." X 

This  instrument  is  shown  in  the  accompanying  cut  (Fig.  98;,  in 
whicli  A  represents  the  drip,  or  priming  box,  and  li  a  plate  con- 
taining the  orifice  /.  Most  of  the  entrained  water  which  passes 
through  the  apparatus  collects  in  the  chamber  J,  and  the 
partially  dry  steam  flows  over  into  the  chamber  above  the 
orifice,  and  thence  into  the  chamber  below  the  orifice,  this  last 
being  open  to  the  atmosphere. 

The  connecting  unions  0  and  P  are  interchangeable,  so  that, 
if  the  percentage  of  moisture  is  not  beyond  tlie  limitations  of 
the  wire-drawing  part  of  the  instrument,  the?  drip  box  may  be 
tlispensed  with.  If,  however,  the  percentage  of  moisture  is 
above  this  limit,  which,  at  ordinary  pressures,  is  between  three 

*  Engineer,  Vol.  XXVIII.,  p.  2:28.     \£ngineir.  Vol.  XXVIII.,  p.  289. 
}U.  S.  Pat.  No.  401,111. 


206       THE   ERRORS  OF  DIFFERENT  TYPES   OF   CALORUtETBBa 

and  four  per  cent.,  then  the  fall  apparatus,  as  shown  in 
sketch,  is  brooght  into  use.  It  may  be  added  here  that 
parts  marked  J  in  the  cut  represent  insulating  pieces  wl 
intercept  the  heat  that  would  otherwise  pass  from  the  chan 
above  the  orifice  to  the  chamber  below,  and  to  some  extent  n 
the  indications  erroneous. 

I  take  this  opportunity  to  merely  call  brief  attention  to 
instrument,  hoping  at  a  future  meeting  to  give  a  more  dete 
description,  and  to  refer  to  some  tests  upon  it,  made  in  con 
tion  with  evaporative   trials  of  boilers,  which  show  the  g 


range  of  its  action  and  the  very  interesting  and  valuable  ref 
which  may  be  obtained  by  its  use. 

Mr.  C.  H,  Pcabody.* — ^The  kindly  criticisms  and  correction 
Mr.  Babcock  are  accepted  gladly.  It  appears,  however, 
the  formula  which  I  have  called  by  Mr-  Napier's  name,  the 
it  owes  its  form  to  Hankine,  was  accepted  by  both  as  repres 
iag  the  experiments  made  by  the  former. 

In  reply  to  Mr.  Barrus,  I  wish  to  say  that,  while  I  was  a\ 
he  had  used  a  modification  of  the  throttling  calorimeter,  I 
not  know  its  exact  form,  and  that  in  writing  the  paper  I  ha 
mind  particularly  the  errors  to  be  guarded  against  if  a  prir 
box  is  to  be  used  in  connection  with  the  calorimeter  deviset 
*  Auihor'a  (.'loaari-,  under  ihn  Hulea. 
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oe,   Siuce  Mr,  Barrus  nays  be  intends  in  the  future  to  give  a 

detuled  description  of  his  calorimeter  with  an  acccount  of  its 

torting,  I  will  reserve  my  criticisms  till  then. 
In  reparil  to  the  criticisms  on  the  first  paper,  on  the  flow  of 

atesiQ,  Mr.  Faber  Du  Faur'a  remarks  appear  to  me  to  suggest 
that  flow  of  steam  should  alwajs  be  through  a  tube  like  that 
represented  in  his  figure,  with  an  internal  diameter  varying  ac- 
cording to  a  definite  law.  Experiments  on  such  a  tube  would 
(Brtainly  be  of  interest.  I  want  to  call  attention  to  the  fact  that 
the  tubes  used  were  not  continually  converging  tubes,  but  were 
atraight  tubes  varying  in  length  from  one  quarter  of  an  inch  to 
one  inch  and  a  half,  with  well  rounded  openings. 

hi  regard  to  the  statements  made  by  Mr.  Spangler,  I  shall  be 
plewed  to  leam,  if  possible,  the  rensoiis  for  trouble  in  the  use  of 
this  inatrnment,  since  it  appears  to  be  a  useful  instrument  if 
Bothinn  interferes  with  it«  accuracy.  Our  own  tests,  reported  in 
(hfl  paper,  show  that  enough  steam  must  be  used  in  all  cases, 
Md  that  a  varying  and  insufficient  quantity  may  give  discordant 
Rsnlta. 

Afl  to  Professor  Denton's  statement  that  our  experiments 
Terifr  Napier's  formula,  they  merely  show  that  it  may  be  used 
(it  crude  calculations  ;  it  is  to  be  regretted  that  it  is  not  more 
iMnrate. 

If  I  anderstand  correctly  the  tests  made  by  Mr.  McBride  on 
the  barrel  calorimeter,  the  range  of  errors  is  too  large  to  be 
'•'isfactory. 

Mr.  McBride. — One-half  of  one  per  cent,  to  about  nine  per 
cent 

Jfr.  Peabody. — I  cottld  scarcely  agree  that  such  results  would 
be  acceptable.  I  think  the  error  should  be  less  than  two  per 
wnt  in  any  case,  and  should  be  less  than  one-half  of  one  per 
^t  for  results  which  ace  to  be  of  other  than  merely  commercial 
w'ne. 
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CCCLXV. 

ROLLING  STEEL  RAILS. 

BT   D.  K.  laOHOLSON,  8TSKLTOK,  PA. 

(Member  of  the  Society.) 

In  a  three  high  mill  a  rail  is  made  at  one  heat,  and  generally 
in  eleven  passes,  from  a  bloom  seven  inches  square,  or  a  little 
larger. 

The  first  six  passes  are  taken  np  in  working  the  bloom  from 
side  to  side  into  a  billet,  rudely,  the  shape  of  a  rail.  It  is  then 
ready  for  the  finishing  rolls.  The  seventh  pass,  or  squabber, 
which  is  generally  the  first  pass  in  the  finishing  train,  is  princi- 

HIddle  Roll 


•QUABBER  PASS 

torae01b.RalL 


Fig.  11. 

pally  for  forming  the  flanges  of  the  rail  (Fig.  11).  The  billet  goes 
through  this  pass  with  the  head  down  and  the  flanges  horizontal ; 
the  flanges  are  caught  between  the  two  rolls,  and  made  thinner  and 
wider  according  to  the  distance  between  the  rolls  forming  the* 
pass.  So  that  this  pass  has  almost  absolute  control  of  the  flanges. 
The  rail  passes  through  the  three  succeeding  passes  with  head  and 
flanges  vertical,  without  any  change  except  uniform  reduction  and 


gradnal  increase  in  tlie  Leiglit,     Tbeu  tlie  rail  goes  tlirough  tlie 
Inisbiiig  pass,  where  tlie  head  is  rounded  (Fig.  8),  and  from  that  it 
|Hi8ses  oa  to  the  sawa  to  be  cut. 
AssumiDg  that  the  pa^aea  have 
■been  properly  turned   out,  it  ia 
Hie  e&seiititil  feature  of  the  whole 
matter  of  rolling  a  rail  to  have 
Uiem  all  exactly  filled.     If  the 
fcar  does  not  fill  out  to  any  pasa, 
moregtnffidput  in  the  pasa;  this 
bdoneby  enlarging  the  preced- 
ing pass  or  passes  by  moving  the 
lulls  apnrt  so  ns  to  bring  out  a 
W  of  larger  cross  section.     On 
theotber  hand,  it  the  b:ir  is  of  '■ 
loo  great  a  erosa  section  for  the 
pssatoroU  out  in  length,  the  extra  metal  will  squeeze  out  in  the 
panin'^s  of  the  rollt>,  iiud  either  shear  off  or  make  a  fin.     The 
opposite  course  of  treatment  must  then  be  resorted  to. 

Side-guards  are  used  to  guide  the  bar  to  the  pass,  and  to  aid  in 
beping  it  £rom  twisting  or  drawing  to  one  aide  on  leaving  the  pass.' 
Side-guards  are  sometimes  called  into  play  to  put  more  metal  into 
ODe  side  or  the  other  of  a  piece  by  forcing  it  over,  and  compelling 
one  eiJe  of  the  pasa  to  rob  the  other.  It  is  unnecessary  to  have 
i  side-gnard  on  each  side  of  the  pans  when  there  is  a  greater 
sfflonnt  of  draught  on  one  side  of  the  bloom  than  on  the  other. 
Tbeeitra  amount  of  drauj^ht  on  the  one  side  throws  the  piece  to 
til*  opposite  aide.  Thtire  ia  then  no  need  for  a  side-guard  on  the 
side  ihe  bar  has  no  tendency  to  toucli. 

The  purpose  of  &  guide  ia  to  keep  the  bar  from  following  the 
foil  00  coming  out  of  the  pass,  when  for  any  reason  it  has  a  teu- 
dency  to  do  so.  The  pass  iu  the  rolls  is  turned  out  .10  as  to  throw 
the  piece  agaiust  the  guide  to  insuru  the  bar  being  delivered  stifely 
btm  the  rolls.  Guides  and  side-guards  are  then  exactly  as  their 
names  indicate,  to  "  guide  and  guard  "  the  bar  in  enteiing  and 
on  leaving  a  pass  in  the  rolls. 

Finning  and  abeariug  come  from  the  metal  squeezing  between 
Ibe  partings  of  the  rolls.  It  is  the  result,  as  stated  above,  of  too 
miich  stuff  going  in  the  pass  or  part  of  the  pass,  or  of  the  bar  not 
entering  the  pass  properly,  A  small  fin,  or  the  indication  of  one, 
IB  the  only  positive  evidence  there  is  that  the  bar  has  filled  out  as 
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intended.  The  wedge-like  shape  of  the  flange  of  a  rail  gives  a 
oonsiderable  amount  of  end  thrast  to  the  rolls.  If  this  thmstiliig 
is  not  met  bj  a  force  sufficient  to  overcome  it  the  rail  will  be 
higher  on  one  side  than  the  other,  and  have  a  thick  and  thin  flange 
(Fig.  9). 

Of  all  the  troubles  to  be  overcome  in  rolling  a  rail,  the  overflUing 
of  the  head  in  the  finishing  pass  is  probably  the  greatest.  There 
is  no  real  remedy  for  it  except  returning  the  rolls.  Since  the  head 
of  the  rail  is  made  somewhat  rounding,  the  two  rolls  mnst  be 
parted  at  the  middle  of  the  head  in  the  finishing  pass.  When  the 
metal  runs  out  between  the  collars,  it  makes  a  fin,  which  is  gener- 
ally objected  to  more  on  account  of  its  appearance  than  the  harm 


Kg.  10. 


it  does  (Fig.  10).  The  cause  may  be  looked  for  in  the  pass  imme* 
diately  preceding  the  finishing,  the  leading  pass.  When  the  rail 
has  too  much  stuff  under  its  head  on  each  side  of  the  web  on  com- 
ing out  of  this  pass,  on  entering  the  finishing  there  is  nothing  to 
oppose  this  side  work  at  the  middle  of  the  head  where  there  is  a 
space  J"  wide  between  the  collars  of  the  rolls.  From  this  it  is 
plain  that  the  greater  the  angle  under  the  head  of  the  rail  the 
more  scope  for  the  roll  turner  in  the  leading  pass,  and  consequently 
the  less  liability  to  fin  or  overfill  in  the  finishing  pass.  Hound- 
ing the  collars  with  a  file  will  sometimes  make  the  overfllling  less 
noticeable. 

In  speaking  on  the  subject  of  the  amount  of  draught  that  ought 
to  be  put  on  a  piece  of  steel,  no  fixed  rule  can  be  given  on  account 
of  the  varying  conditions  under  which  a  piece  is  rolled.  However, 


BOLLINO   &TEEL  BAH;?.  911 

Udng  nearly  every  thing  into  acootmt,  ten  to  twenty  per  cent. haa 
been  fonnd  to  cover  nearly  all  cases,  when  the  piece  is  tamed  to 
TMeive  work  on  all  its  sides.     In  breaking  down  a  piece  of  steel, 
^ht  drunght  tends  to  make  the  sides  concave ;  the  work  seemtf 
to  be  confined  near  tlie  sorfnces  on  which  it  is  being  rolled. 
Hr«¥y  drawght  will  have  the  opposite  effect.    It  follows,  as  would 
uluraliy  be  supposed,  that  in  the  same  rolls  the  hotter  the  piece 
the  more  the  tendency  of  the  stuff  to  go  out  in  the  length ;  while 
tlie  colder  nod  harder  the  piece  the  more  spread,  and  consequently 
llif]  more  the  tendency  to  fin.     Hore  spread  may  then  be  looked 
for  iu  high  carbon  steel  than  in  low  carbon  or  mild  steel.     It 
va^lii  be  here  remarked  that  in  either  case  the  shape  into  which 
lie  piece  is  to  be  rolled  has  a  good  deal  to  do  with  an  imperfec- 
tion ill  the  steel  working  out.     For  instance,  a  bad  place  in  the 
put  o(  the  bloom  falling  to  the  head  will  work  out,  where  it  wltl 
Dot  JQ  the  flange  of  a  rail. 

When  a  tmia  of  rolls  is  not  strong  enough,  recourse  can  be  bad 
to  three  ways  of  making  the  rolls  stronger :  enlarging  the  diam- 
eter, Khortening  the  body,  and  using  better  material  iu  making 
ti<e  rolls.    For  every  size  of  bar  there  is  a  roll  of  a  certain  diameter 
^hieb  will  make  that  bar  probably  better  than  a  roll  of  any  other 
diameter.    0(  com-se  such  a  thing  as  having  a  different  size  of  rolls 
ht  every  section  of  rails  would  not  be  practicable.     So  a  train  is 
idecled  with  respect  to  the  average  work  that  is  to  be  done. 
fidls  of  small  diameter  are  more  likely  to  trork  the  flaws  out  of  a 
t    piflcflof  steel  tliau  rolls  of  a  large  diameter.     There  is  very  little 
I    ^nog  in  a  roll  with  a  short  body.     For  these  reasons  alone  it 
^>pears  that  the  second  of  the  above-mentioned  schemes  (to 
dtorten  the  body)  woald  be  the  one  to  adopt. 

The  great  drawback  to  a  cast-steel  roll  is  the  fact  that  the  snr- 
fwe  cracks  so  badly.  They  do  very  well  for  roughing  or  where 
<ooogh  passes  follow  to  smooth  the  bar.  A  foi^ed-steel  roll 
auks  very  mnch  leas  than  a  cast  roll,  but  the  cost  puts  it  out  of 
the  question.  As  for  strength,  they  may  be  said  to  be  everlasting. 
This  puts  somewhat  of  a  limit  on  the  material  used  for  a  finishing 
loll  ^ter  going  outside  of  the  best  mixture  of  cast  iron. 

In  a  three  high  mill  the  passes  in  the  top  and  middle  rolls  can 
be  altered  without  disturbing  the  passes  in  the  middle  and  bottom 
nils.  A  two  high  mill  has  the  advantage  in  handhng  the  bar, 
Knee  it  enters  all  the  posses  of  the  rolls  on  the  same  plane.  And 
itixmly  necessary  to  have  two  rolls  instead  of  three.    But  then 
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ill  altering  a  pass,  shifting  one  roll  affects  all  the  passes  exdept 
where  the  finishing  pass  is  in  separate  housings,  which  is  a  good 
thing  in  either  train.  The  great  speed  at  which  the  rolls  are  run 
after  the  bar  has  entered  the  pass  in  a  two  high  reversing  mill 
often  goes  against  the  proper  formation  of  the  rail. 

In  going  above  two  lengths  it  is  very  necessary  to  take  every 
precaution  in  putting  down  a  mill.  The  long-continued  strain  in 
a  set  of  rolls  when  120  feet  of  rail  go  through  is  trying  in  the 
extreme  on  the  rolls,  especially  as  regards  the  end  thrust.  It 
is  only  by  having  several  set  screws  and  a  well  babbited  surface 
on  the  lip  of  the  brass,  that  the  rolls  can  be  held  in  their  proper 
place  in  single  lengths.  In  four  lengths  this  would  probably  be 
double,  and  possibly  more.  Of  course  all  this  is  not  insurmount- 
able if  all  the  parts  are  made  strong  enough  to  resist  the  strain 
put  on  them,  and  the  train  kept  in  line, — that  is,  the  engine  shaft, 
the  pinion  and  roll  to  which  it  is  coupled,  having  their  axes  in  one 
straight  line,  and  the  axes  of  all  the  rolls  in  the  same  vertical 
plane  ;  for  besides  the  train  pulling  hard,  when  the  rolls  are  not  in 
the  same  plane,  the  piece  is  hable  to  come  out  twisted. 

DISCUSSION. 

Mr,  RobeH  W.  Hunt, — The  overfilling  to  which  the  paper. 
refers  is  a  point  on  which  railroad  engineers  are  the  principal 
objectors :  having  an  idea  that  it  gives  an  imperfect  rail.  If  I 
were  having  a  rail  made  for  myself,  my  desire  would  be  to  have 
a  slight  sign  of  overfilling ;  because  it  insures  the  fact  that  you 
had  plenty  of  work  in  the  last  pass,  and  hence  the  maximum  of 
work  on  the  rail-head.  Of  course  if  the  ridge  is  too  high  it 
makes  bad  wheel  wear  until  that  much  steel  is  worn  ofL  Per- 
sonally I  prefer  an  appearance  of  overfilling,  but  my  railroad 
friends  do  not  agree  with  that  proposition.  As  to  the  material 
for  the  rolls,  the  author  is  correct  in  stating  that  a  satisfactory 
steel  roll  has  not  been  made  where  it  has  been  turned  for  irreg- 
ular shapes.  A  semi-steel  roll  has  been  made  which  in  my 
experience  has  given  better  results  than  any  other.  It  is  not 
truly  steel,  but  may  perhaps  be  called  a  hybrid.  They  are  very 
hard  to  turn  and  very  expensive,  costing  about  two  and  a  half 
times  as  much  as  the  best  cast-iron  rolL  The  product  of  rails 
has  been  brought  up  to  such  an  extent  that  the  question  of 
price  of  rolls  has  been  reduced  to  a  minimun.    For  instance,  if 
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you  cousulcr  the  product  of  the  Union  Steel  Works  of  Chicago, 
making  on  one  train  28,491  tons  of  rail  in  the  month  of  October, 
oc  a  30  feet  rail  every  15  seconds  of  working  hours,  it  onJy 
rnneo  to  about  5  cents  per  ton  of  rails.     Thus  the  cost  of  rolls 
^r  ton  of  rails  is  quite  s  small  item,  and  the  necessity  of  keep- 
i^  the  sections  true  rather  justifies  the  use  of  the   cheaper 
nut^tiaL     Some  of  the  mills  have  adopted  a  plan  of  roll-turning 
—I  am  not  certain  whether  it  originated  with  the  Illinois  Steel 
Ctimpiuiy  or  not,  but  they  have  used  it  for  something  over  a 
year  at  tlieir  South  Chicago  "Works— of  turning  the  rolls  so  that 
the  rail  enters  on  a  slight  angle.     That  allows  them  to  reduce 
llie  rolls  in  dressing  them  without  increasing  the  height  of  the 
sw^ion.    This  plan  of  roll-turning  enables  them  to  hold  it  to 
almost  ft  uniform  height  until  the  rolls  are  worn  out.     In  roll- 
tnrEing,  as  well  as  in  the  value  of  the  rail  produced,  the  section 
plujs  an  important  part ;  that  is,  if  the  metal  is  nearly  equally 
liistribnted   between  the   head  and    the  flange,  it  certainly  is 
mocL  easier  on  the  train ;  the  end  thrusts  are  not  so  great,  and 
it  simplifies  the  roll-turner's  duties,  and  I  believe  gives  a  much 
better  rail     In  regard  to  the  effect  of  temperature  upon  steel, 
lun  pretty  positively  committed.     This  heating  steel  to  make 
it  easy  on  your  rolls  is  what  has  made  thousands  of  tons  of  very 
jmi)r  rails.     Hence,  we  must  have  a  train  strong  enough  to  allow 
TOG  til  roll  the  steel  at  a  moderate  temperature.     The  statement 
is  alisolutely  true  that  the  small  diameters  are  much  easier  on 
the  gteel  than  the  larger  ones.    As  the  rail-makers  increase  the 
diameter  of  their  rolls  they  increase  the  number  of  second  qual- 
ity rails.     The  question  of  roll-turning  for  rails  is  on  its  face  a 
very  simple  one,  but  it  presents  some  difficulties  that  as  long  as 
they  were  submitted  simply  to  the  cut  and  try  principle  of  the 
past,  gave  no  end  of  trouble  to  the  manufacturer.     But  since  it 
has  been  brought  down  to  the  mathematical  calculations  of  the 
engitieer,  the  mills  have  eliminated  the  greater  amount  of  their 
difficulties. 

•  Mr.  Gantt. — I  shonld  like  to  ask  abont  the  hybrid  steel  roll 
■poken  of.     What  kind  of  a  roll  is  that  ? 

Mr.  Bunt. — I  think  Mr.  Isaac  G.  Johnson  of  Spoyten  Duyvil 
claims  a  patent  on  it.  He  makes  it  in  an  open  hearth  furnace, 
or  at  least  in  an  air  furnace  worked  with  gas.  He  uses  a  large 
amount  of  rail-ends,  if  I  mistake  not,  and  ferro-manganese,  and 
I  think  the  metal  contains  about  two  per  cent  carbon. 
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Mr.   D.   K.    Nicholson. — There  is  only  one  remark  i 
want  to  make  with  regard  to  what  Mr.  Hunt  says.     Tb* 
ing  pass  is  generally  made  so  that  the  rail  will  be  a  littl 
the  beginning  of  the  life  of  the  roll,  or,  when  the  rolls 
started,  so  as  to  allow  for  the  returning.     The  rolls  may 
be  worn  out  before  the  rail   gets  too  high,  but  it  so: 
happens   that  a  set  of  rolls   has   to  be  thrown  away 
returning  has  so  enlarged   the  pass  as  to  make  the  he: 
great. 
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BT  B.  F.  0.  DAYIS,  POTTSYILLB,  PA. 

(Member  of  the  Society.) 

^^B  most  common  and  the  cheapest  method  of  carrying  steam, 
^^g  the  world  at  large,  is  probably  through  wrought-iron  **ga8- 
f^^  "  joined  by  the  taper  thread,  screwed  into  sockets  or  ferules. 
^his  answers  admirably  for  small  pipes,  and  even  for  compara- 
'^ly  large  pipes  where  the  conditions  are  favorable  for  screwing 

the  joints,  and  where  the  threads  are  not  subjected  to  any  seri- 
*  corrosive  action.  Many  of  the  steam-pipe  lines  in  the  ftnthra- 
-  coal  regions,  however,  run  for  great  distances  underground, 
ongh  contracted  slopes  and  headings  where  it  is  almost  impos- 
l^  to  make  the  screwed  joint.  In  the  screwed  socket  joint  there 
always  some  space  between  the  ends  of  the  pipes,  and  the  con- 
"^sed  steam  from  the  best  available  feed  water  is  so  corrosive  that 
fitting  or  furrowing  action  takes  place  between  the  ends  of  the 
-»es  and  the  ferule,  which  sooner  or  later  causes  leakage.  It  is 
•±\\  impossible  to  tighten  up  these  screwed  joints  without  screwing 

the  whole  pipe  line. 
Some  of  these  difficulties  are  avoided  by  the  use  of   *'  flange 
^  ions/'     With  these  the  pipe  line  can  be  more  conveniently  put 
getlier  underground,  and  in  the  event  of  a  leaky  thread  the  flange 

11  be  screwed  on  tighter,  or  a  defective  pipe  can  readily  be  re- 

aoed  by  a  new  one  of  the  same  length.  But  in  the  ordinary  flange 
'^ion  there  is  a  space  between  the  ends  of  the  ])ipes,  and  the  above- 
mentioned  corrosive  action  is  so  destructive  to  the  threads  that  cast- 
"011  pipes  have  generally  been  considered  necessary  for  reliable  and 

urable  steam-pipe  lines  ;  though  the  first  cost  is  about  double  that 
►t  wronglit-iron  pipe. 

In  view  of  the  foregoing,  the  Philadelphia  &  Reading  Coal  & 
fr^n  Co.  has  adopted  the  flange  joint  shown  in  annexed  cut,  for  all 
■olliery  steam-pipes.  These  flanges  are  screwed  tightly  on  the 
pii)e,— the  pipe  carried  in  a  steady  rest, — and  the  end  of  the  pipe  and 
flange  faced  off  flush  with  each  other.  Tiie  lugs  are  at  the  same 
^iine  bored  out,  and  the  projection  turned  oil  concentric  with  the 
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bore  of  the  pipe.  This  ensures  perfect  coiitimiitj  in  tlie  pipes,  ! 
the  lugs  also  center  the  gum-joint  ringa  accurately,  so  that  a  gam 
pint  is  obtained  botweon  the  abutting  ends  of  the  wrought-iron 
pipes.  The  continuity  of  the  bore  of  tha  pipe  ensures  a  free  flow 
of  steam  and  condensed  water,  so  that  al!  liability  to  furrowing  at 
the  joints  is  avoided  and  the  gum-Joint  formed  between  the  ends 
of  the  wroTight-iron  pijWH  proteeta  the  thread  from  all  danger  of 
corrosion.  If  an  odd  length  of  pipe  needs  to  he  made  at  a  colliery, 
tlie  pipe — if  not  over  four  inches— can  bo  threaded  wilh  a  hnnd- 
Btoekanddie,  and  afiuiahed  flange  screwed  on  until  the  pipe  projects 
through.  The  pipe  must  then  be  filed  off  flusli  with  the  face  of  the 
lange. 

In  monlding  these  flauges  it  is  best  to  have  the  pattern  a 
to  leave  its  own  corea.     This  ensures  accuracy  in  the 
the  bolt-holes  and  the  large  central  hole,  relative  to  each  other  a 
to  the  other  parte  of  the  flange. 

Several  thousand  feet  of  steam-pipe  fitted  with  these  Hanges  hm 
been  put  in  service,  and  have  all  proved  perfectly  satisfactory. 
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DISCUSSION. 

Mr.  Carleton  W.  Nason, — It  is  a  matter  of  surprise  to  me  that 
gnm  packing  should  be  used  at  all  under  steam  pressure. 
This  packing  is  nothing  but  a  plastic  material,  a  solvent  making 
it  more  or  less  elastic,  and  the  latter  under  the  action  of  higher 
temperatures  is  speedily  evaporated.  The  rubber  then  becomes 
non-elastic,  and  I  cannot  see  how  after  it  has  been  in  use  for  a 
short  time  it  should  make  a  tight  joint,  and  my  own  experience 
is  adverse  to  the  use  of  it.  If  the  trouble,  as  stated  in  the 
paper,  comes  from  the  oxidation  occurring  at  the  point  where 
the  threads  are  exposed,  I  think  they  might  be  properly  covered 
with  rubber  rings  on  the  outside  followed  by  glands,  and  pro- 
Tision  could  be  made  in  case  the  pipes  have  to  be  afterwards 
cut,  to  use  what  are  known  as  expansion  joints.  I  should  be 
gkd  to  hear  more  fully  from  Mr.  Davis  as  to  the  details  of 
results. 

Mr,  Robert  Allison, — I  think  there  is  an  objection  to  the 
author's  mode  of  putting  pipes  together.  In  the  first  place,  in 
case  of  repairs  those  lugs  on  the  flanges  would  prevent  the 
removal  of  a  section  of  pipe  without  separating  the  line  to  some 
extent,  which  is  not  practicable  in  some  cases.  If  this  is  not  an 
^^jection,  then  why  not  continue  the  lugs  all  the  way  around 
ind  make  a  recessed  or  telescopic  joint  which  would  prevent 
inv  forcing  of  the  rings  out  at  all  under  the  pressure  of  steam. 
Bv  making  that  recess  continuous  the  ring  would  be  protected 
all  the  way  around,  and  the  fitting  could  be  done  just  as  cheaply 
and  would  make  a  better  job  in  every  respect. 

/Vy."  .-/.  K  Sivrrf. — I  would  like  to  suggest  to  some  of  my 
friends  who  have  the  courage  that  they  make  a  joint  as  we  do 
on  cylinder  heads.  It  is  sini})ly  to  face  the  cylinder  off  in  the 
lathe,  and  face  the  head  off  in  the  lathe,  and  put  them  together. 
I  do  not  see  any  reason  in  many  cases  why  we  cannot  face  off 
the  pipe  ends  in  the  lathe  and  bolt  them  together  Avithout  any 
packing.  One  has  no  idea  how  easy  it  is  to  make  a  perfect 
steam-tight  joint,  until  he  tries  it  and  does  not  take  too  much 
pains  to  make  it. 

r/<''  P/v:stWf^nL — The  Chair  hoped  that  Professor  Sweet,  when 
he  began  his  remarks,  was  going  to  conclude  in  this  fashion — 
that  be  was  surprised  that  some  members  did  not  make  experi- 
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ments  with  topics  that  all  of  us  know  something  about,  and  then 
giving  the  meeting  the  benefit  of  their  opinions.  We  would  like, 
if  possible,  to  have  the  discussion  from  the  membership  more 
general,  especially  about  a  matter  of  this  kind,  which  is  of  such 
general  interest  and  experience. 

Afr,  James  McBride, — In  several  years'  practice  I  have  made  all 
sorts  of  joints  on  all  sorts  of  pipes.  The  principal  trouble 
which  I  liave  found  is  that  the  flange  unions  on  the  market  are 
not  fit  to  make  good  joints.  I  can  show  numbers  of  flange 
unions  broken  in  two,  showing  that  the  cross  section  of  a  six-inch 
flange  union  will  not  be  much  more  than  that  of  a  one  and  a  half 
inch.  They  are  made  entirely  too  light,  and  with  too  few  bolts  in 
them.     I  think  if  there  was  plenty  of  stock  and  enough  bolts  in 
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them,  and  these  were  screwed  up  carefully,  there  would  not  be 
so  much  trouble. 

Afr,  Oherlin  Sniitli, — I  believe  that  hearsay  evidence  is  not 
always  counted  as  valid.  There  is,  however,  a  little  device  of 
w^hich  I  was  told  the  other  day  by  one  of  our  members  which  is 
pertinent  to  this  subject,  and  which  I  will  describe.  The  Stand- 
ard Oil  people  are  using  it  extensively  for  petroleum  pipes  ;  and 
petroleum  is  one  of  the  most  difficult  things  to  make  joints  for. 
I  do  not  know  whose  invention  it  is,  or  whether  it  is  patented. 
Essentially  it  consists  of  a  ring  P,  Fig.  95,  of  thick  paper,  rubber 
packing,  or  other  fibrous  substance,  upon  which  is  mounted  a 
thin  copper  ring  C,  something  less  than  one  thirty-second  of  an 
inch  thick,  and  of  U-shaped  section  as  shown.  Of  course  this 
has  got  to  be  inserted  while  it  has  but  one  flange  with  the  rest 
in  the  form  of  a  cylinder,  and  then  the  part  put  through  must  be 
spun  or  otherwise  formed  into  a  flange.     The  beauty  of  it  is. 


Uiey  Bay,  that  the  oil  or  wliatever  is  iii  the  pijie,  never  toaches 
the  paper  or  other  fibre.  It  eomea  in  eoiitftot  witli  tlifi  copper 
only,  which  is  elastically  backed  by  the  fibre  and  therefore  con- 
tanm  to  any  irregalaritieB  which   there   may  be   in   the   pipe 

The  President — The  packing,  then,  would  seem  to  be  made  by 
Ihe  copper,  and  the  paper  simply  serves  the  purpose  of  a  block- 
ing Wtween  the  copper. 
J/r.  SniiVi.- — Simply  to  allow  the  copper  to  be  elastic. 
Ht.  H.  p.  Miiiol. — I  have  noticed  in  the  natural  gas  country 
thai  the  men  who  screw  the  pipes  together  simply  know  enough 
to  poll  tbem  together  with  a  wrench.  The  end  of  the  coupling 
ehoiiM  be  recessed  or  thread  taken  out,  and  put  up  to  a  certain 
pobt,  no  matter  how  hard  it  goes.  I  believe  the  less  packing 
joa  get  in  the  better. 

itr.  Faler  du  Faur. — I  would  mention  one  example  of  faced 
joints  without  packing  on  large  pipes.  On  the  Washington 
Aijueduet,  where  I  was  employed  before  the  war,  the  pipes  of 
Bridge  No.  6,  between  Washington  and  Georgetown,  are  48  inches 
diameter,  200  feet  span  and  20  feet  rise,  and  General  Meigs 
fnt  intended  to  uae  packing.  I  insisted  that  the  pipes  should 
1»  joined  without  packing.  They  were  simply  faced  off,  painted 
"itii  red  lead  and  bolted  together,  and  they  stand  well.  When 
I  first  got  to  the  Georgetown  office,  the  Civil  Engineers  in 
ftarge  of  tlie  office  there  had  adopted  for  connecting  the  48 
iBcb  pipes  7  large  brackets  projecting  from  the  flanges,  and  7 
t^rr thick  bolts;  this  was  changed  to  42  bolts  of  Ij^  inch,  and 
lie  joints  were  perfectly  tight,  without  any  packing  except  a 
ttiu  coating  of  red  lead. 

Mr.  Smith. — Does  Mr.  Sweet  consider  a  perfectly  tight  joint, 
iBide  as  he  says,  better  than  the  same  joint  with  a  very  thin  coat 
of  linseed  oil  all  aronnd  ? 

Prof,  Sweet — It  is  likely  that  the  first  time  the  oil  would  be 
>1I  right,  but  the  trouble  is  that  you  have  to  remove  a  cylinder 
iifsd  and  then  it  has  to  be  scraped  before  it  is  put  on  the  next 
time.  It  must  be  put  together  absolutely  dry,  so  that  the  next 
'iine  yon  put  it  together  it  will  not  need  any  scraping,  as  that 
Runs  the  whole  job. 

Mr.  0.  C.  Woobon. — It  occurs  to  me  if  we  are  going  to  dis- 
bud packing  for  general  piping,  the  flanges  should  be  male  and 
female.     They  will  then  meet  a  greater  want  than  those  which 
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are  made  flush  or  straight  across,  because  it  is  a  pretty  difficult 
matter  to  get  the  ordinary  mechanic  to  make  up  a  lot  of  piping 
with  flange  joints  for  a  long  line  of  pipe,  which  may  be  in  posi- 
tion and  more  or  less  fixed,  and  have  them  tight.  The  packing 
of  a  joint  is  a  sort  of  an  expedient,  and  my  experience  is  that  if 
those  flanges  are  made  male  and  female,  on  the  cup  and  saucer 
principle,  they  will  stand  a  pretty  good  pressure  and  will  admit 
of  being  put  up  by  common  labor.  The  extra  expense  of  mak- 
ing such  flanges  is  a  matter  .of  some  moment  however. 

Mr.  E,  F.  C.  Davis* — Mr.  Nason's objections  to  gum  joints  do 
not  hold  good  in  the  writer's  experience.  A  gum  joint  made  as 
shown,  and  properly  screwed  up,  will  last  in  most  cases  as 
long  as  the  pipe. 

Any  long  line  of  steam-pipe  should  be  provided  with  a  reason- 
able number  of  expansion  joints.  We  use  the  packed  plunger 
style  and  with  the  plunger  made  of  brass  where  it  slides 
through  the  packing,  they  serve  their  purpose  well,  and  give 
no  trouble. 

If  'Mr.  Allison  will  bear  in  mind  that  the  steam  must  be  shut 
off  before  a  pipe  can  be  taken  out,  he  will  readily  see  that  the 
shrinkage  of  the  pipes  will  have  a  tendency  to  open  the  joint 
much  more  than  the  %  inch  projection  of  the  lugs.  Practically 
the  lugs  do  not  interfere  with  repairs  to  a  pipe  line.  In  our 
first  design  for  these  flanges,  the  lugs  were  continuous,  and 
formed  a  recessed  or  telescopic  joint,  as  suggested.  The  objec- 
tion to  this  plan  is  that  the  facing  off  of  the  end  of  pipe  in  the 
female  flange  can  only  be  done  in  the  lathe,  while  with  the  lugs 
the  finished  flanges  can,  if  necessary,  be  screwed  on  at  the  mines, 
and  the  ends  of  pipes  made  flush  with  a  file.  This  is  quite  a 
convenience  in  the  smaller  sizes,  as  pipe  connections  up  to  four 
inch  diameter  are  frequently  cut  to  length  and  threaded  by  hand 
at  the  mines.  In  sizes  above  four  inch  there  is  no  objection  to 
making  the  lugs  continuous,  but  as  no  joints  have  blown  out, 
the  lugs  answer  all  requirements. 

By  consulting  the  table  of  proportions,  it  will  be  observed 
that  a  liberal  supply  of  large  bolts  is  used.  This  is  an  essential 
feature  in  all  joints  of  this  kind. 

Since  this  flange  was  adopted,  the  Philadelphia  and  Beading 
Coal  and  Iron  Co.  have  put  in  use  at  their  colleries : 
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13,100   feet  of  3     inch   steam-pipe, 

1,644 

9,388 

5,190  "       5 

11,180         "      6 

2,700 

43,202  feet,  all  fitted  with  these  flanges. 

Most  of  this  pipe  is  andergroiind  and  all  of  it  has  proved 
moat  satisfactory. 

The  writer  has  been  unable  to  learn  of  a  single  instance  in 
which  a  joint  has  leaked  or  blown  out. 
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INDICATOR   RIGGING  FOR  COMPOUND  ENGINES"^^ 

BT  FRID.  W.  PARSONS,  BLXIfiA,  N.  T. 

(Member  of  the  Society.) 

It  is  sometimes  interesting  as  well  as  instructive  to  combi 
the  diagrams  taken  from  the  two  cylinders  of  a  compoand ^ 

In  order  that  the  horizontal  scale  of  measurements  shall  be 
same,  it  is  obviously  necessary  to  reduce  the  high  pressure  d£ 
gram  to  a  length  bearing  the  same  proportion  to  the  low  pressujr^ 
diagram,  as  the  volume  of  the  high  pressure  cylinder  is  to  that  o^ 
the  low  pressure  cylinder. 

The  device  described  is  an  ordinary  form  of  indicator  rigging 
with  two  segments  (Fig.  13).  The  radius  of  the  large  segment  is 
dependent  upon  the  length  desired  for  the  low  pressure  diagram. 
The  radius  of  the  small  segment  is  in  the  same  proportion  to 
the  radius  of  the  large  segment  as  the  volume  of  the  high  press- 
ure cylinder  is  to  the  volume  of  the  low  pressure  cylinder. 

The  diagram  may  be  taken  with  separate  indicators  upon  the 
high  and  low  pressure  cylinders,  as  shown  in  the  cut,  and  after- 
ward traced  upon  the  same  paper;  or  by  piping  the  high  and 
low  pressure  cylinders  together,  with  a  three-way  cock  between^ 
both  diagrams  may  be  taken  on  the  same  paper. 

It  will  readily  be  seen,  that  by  using  three  and  four  segments, 
this  device  can  be  used  for  reducing  the  diagrams  from  triple  and 
quadruple  expansion  engines. 

DISCUSSION. 

Mr,  II.  W.  Spangler.— This  is  rather  an  interesting  device,  but 
I  do  not  see  the  utility  of  it.  If  it  was  for  the  purpose  of  increas- 
ing the  card  instead  of  diminishing  it,  it  would  accomplish  what 
most  of  us  are  after.  This  would  reduce  the  card  from  a  high 
pressure  cylinder,  where  the  diameter  of  the  cylinder  is  one  to 
two,  from  four  inches  down  to  an  inch.  And  if  it  is  in- 
tended that  the  power  of  the  engine  is  to  be  derived  from  the 
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card,  YOU  have  practically  four  times  the  error  of  the  high  press- 
ure card  wliicli  you  had  before.  In  very  many  cases  it  is  almost 
absolutely  necessaiy  to  enlarge  the  card  instead  of  reducing  it 
When  you  come  to  three  or  four  cylinders  you  have  practically 
a  straight  line  for  your  expansion  line.  For  simple  inspection 
it  might  give  you  a  card  which  you  could  look  at,  but  for  practi- 
cal use  I  do  not  see  that  it  would  be  a  device  that  would  be  of 
much  benefit  to  any  one. 

Dr,  Sdkrs, — This  suggests  an  important  consideration,  about 
which  I  would  like  to  say  a  few  words.  On  the  diagram  illus- 
trative of  the  device  there  are  two  different  lengths  of  cords, 
reaching  from  the  segments  on  the  lever  attached  to  the  cross- 
head,  or  the  source  of  motion,  to  the  card  cylinder,  and  the  two 
indicators,  one  very  much  longer  than  the  other  one.  A  paper 
was  read  in  England  some  time  ago,  and  it  is  to  be  found  in  the 
Proceedings  of  the  Institution  of  Civil  Engineers,*  on  the  errors 
which  occur  from  the  stretching  of  the  indicator  cords.  In  my 
own  experience  with  higli  speed  engines  I  found  it  impossible 
to  make  any  connection  by  means  of  cords  to  get  any  reliable 
results.  A  rigid  connection  had  to  be  used.  A  very  high  speed 
may  be  indicated  with  certainty  if,  instead  of  the  revolving 
cylinder  cari-ying  the  paper,  a  flat  plate  is  used  of  wood  or 
metal,  sliding  backward  and  forward,  connected  readily  by  rods 
from  the  lever  actuated  by  the  engine,  and  on  this  flat  surface 
the  indicator  card  be  made. 

Jfr.  Smith.  — Those  who  were  at  the  Paris  Exposition  may 
probably  have  seen  on  some  of  the  French  engines  a  mechanical 
means  for  connecting  the  cross-head  directly  with  the  indicator, 
so  that  the  loss  from  the  stretching  of  the  string  was  entirely 
obviated.  Of  course  there  was  the  lost  motion  in  that  mechan- 
ism, which  might  be  great  or  small,  according  to  the  mechanical 
construction  of  it ;  but  the  idea  which  Professor  Sellers  has  put 
forward  was  covered  in  that  way — at  least,  on  one  engine  which 
I  saw. 


*  Osborne  Reyn<>l<ls  on   Errors  in  Indicator   DingraiDB,  Vol.   LXXXIII.,  and 
after  Proceedings  of  the  Institution  of  Civil  Engineers,  Great  Britain. 


is  ilp-'figQiug  the  recording  pressure  gauge  lierewilli  iilnstrated, 
tiif object wtifl  to  proiliiCB  an  iiielriunent  wliicli  wutM  bo  funda- 
nxHitully  i^imple  and  consequeutly  retiuible,  iind  whiuL  conlJ  be 
plawd  apoL  the  market  at  a  moderate  cost. 

Fig-  li  represents  the  iustrumeut  complete  and  ready  for 
^plWlion.  Fig.  15  shows  the  in'wssure  tube  with  the  iulting 
piuter  ulitiched ;  the  froat  ot  case,  dial,  and  cover  of  clock  being 
remored.  The  pressure  tube.  A,  ia  of  il;itteiieii  cross-sui'lion  and 
lianl  iob  approximately  a  sinusoidal  form,  A  flexible  strip,  B,  of 
liie  s-ime  metal  as  the  tube  is  secured  at  the  ends  and  alocg  the 
twnda,  as  shown  in  Fig.  16. 

The  bent  tube  may  be  considered  as  a  aeries  of  Bourdon 
ipri»Ks  pi.aced  end  to  end. 

i'/oariurii  apphcd  ^  tliu  tuhe  pioduces  a  teudecicy  to  straighten 
each  bend,  or  collectively,  to  elongiite  the  whole.  This  tendency 
to  lengthen  the  tube  is  resisted  liy  the  flexible  strip,  B,  and 
thereby  converted  into  a  multiplied  lateral  motion.  The  inking 
pointer  is  attached  directly  to  the  end  of  the  pressure  tube,  as 
shown  in  Fig.  15,  ft'om  which  it  will  be  seen  that  the  usual 
mecbaniam  and  multiplying  devices  are  dispensed  with,  since  the 
motion  of  the  tube  itself  is  positive  and  of  sufBcient  range.  The 
special  advantage  of  this  is  evident,  considering  that  in  all  other 
piessDre  gauges  the  movemeut  of  the  tube  or  diaparagm  is  small, 
and  requires  a  system  of  mechanism  to  multiply  the  motion  many 
times  before  it  is  available  for  indicating  purjMses.  These  mulii- 
pljini;  devices  must  be  delicately  constructed  and  properly  cared 
for,  and  even  under  the  most  favorable  conditions  they  are  liable 
*'  aoy  nioineut  to  be  a  source  of  error. 

In  the  instrument  illustrated  the  tube  is  designed  for  a  range 
of  180  lbs.  per  square  inch ;  for  other  ranges  ila  sensitiveness  may 
be  varied,  at  will,  by  changing  its  proportions,  as  length,  shape 
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of  cross- section,  or  tbickness.  The  printed  charts  for  receiving^ 
the  record  make  one  revolution  in  twenty-four  hours,  and  are  pro — 
vided  with  radial  arcs  and  concentric  circles,  the  divisions  on  th^a 
radial  arcs  corresponding  to  differences  in  pressure  ;  while  tboxw 
on  the  concentric  circles  correspond  to  the  hours  of  the  day  anEi» 
night. 

During   the  past  year  and  a  half  several  of  the  instramenlE^^ 


Pio.  14. 


have  been  in  operation  upon  the  steam  hollers  at  Stevens  Insti- 
tute and  have  given  perfectly  satisfactory  results. 

In  regard  to  making  the  lubes  alike,  it  will  he  well  to  state  that 
there  hna  been  no  diEBculty  in  producing  a  number  in  which  the 
deflections  were  equal  for  equal  jiressures,  and  which  have  been 
directly  applied  to  a  standard  chart  without  adjustment.  It  will 
be  readily  seen  that,  in  case  there  shoald  be  slight  differences  in 
the  deflections,  such  differences  may  be  allowed  for  by  raising  or 
lowering  the  tube  with  reference  to  the  ilial.     This  is  equivalent 
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J  shortening  or  lengtbening  tha  deflections  aloDg  Uie  radial  arcs. 
For  an  intlicating  instrument  it  is  only  necessary  to  provide  a 
graduated  arc  for  the  end  of  the  tube  to  move  over. 

It  is  evident  that  the  instrument  is  adapted  for  a  vacnum  as 
well  as  for  a  pressnre  gaiige,  and  it  naturally  follows  that,  it  suf- 
utly  sensitive,  it  will  serve  as  a  barometer,  and  measure 
Ganges  of  atmospheric  pressure. 


^•*jC 


The  model  herewith  exhibited  for  this  purpose  was  made  by 
electrcMlepositiou  of  nickel  upon  a  piece  of  solder  of  the  proper 
form,  the  solder  being  afterward  melted  otit  in  oil.  The  walls  of 
this  tube  are  h^t,  in.  thick.  When  this  tube  is  eshansted  of  air 
and  sealed,  as  shown,  it  gives  a  deflection  of  about  3j  inches  for 
an  external  change  of  pressure  of  one  atmosphere. 

Another  application  of  the  pressure  tube  is  in  the  recording 
thermometer. 

The  tube  may  be  filled  with  a  very  expansible  liqiiid,  socli  as 
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alcohol,  and  sealed.  Variations  in  temperature  produce  expansion 
of  the  inclosed  liquid,  whicli,  in  turn,  gives  deflections  of  the  tube 
to  correspond. 

These  deflections  may  be  used  to  record  directly,  without  mul- 
tiplying devices,  as  shown  in  one  of  the  models. 

The  tubes  of  the  pressure  gauges  to  be  inspected  have  been 
made  by  the  writer  at  Stevens  Institute,  for  the  purpose  of  thor- 
oughly testing  the  novel  form.  The  results  have  been  perfectly 
satisfactory,  and  our  recent  experience  in  manufacturing  has 
demonstrated  the  possibility  of  duplicating  the  tubes  in  quantities 
for  a  standard  chart. 

DISCUSSIOX. 

Mr,  Chas.  A.  Ilafjue. — It  seems  to  me  that  this  matter  of  re- 
cording pressure  gauges  is  a  very  important  one,  and  I  have 
arrived  at  the  point  where  I  do  not  consider  a  steam  plant,  or  a 
a  water  works  plant,  complete  without  a  first-class  recording 
pressure  gauge,  so  that  we  may  have  on  file  a  continuous  record, 
which  can  be  inspected  at  any  time  after  it  is  made,  of  the  press- 
ures of  steam  or  water  that  existed  at  any  certain  time. 

For  instance,  such  cases  occur  where  boilers  are  left  with 
banketl  fires  during  periods  when  not  in  use,  but  where  it  is  de- 
sired to  keep  them  in  readiness  to  be  used  at  short  notice,  or 
where  it  is  desired  for  any  reason  to  maintain  a  moderate  steam 
pressure  during  the  period  of  inactivity.  When  such  boilers 
are  left  alone,  nobody  really  knows  to  what  point  the  pressure 
at  times  has  risen,  and  thus  seemingly  inexplicable  accidents 
happen.  The  pressure  is  carried  through  the  day  perhaps  at  80 
pounds,  and  it  is  supposed  to  be  run  down  and  kept,  say,  at  25 
pounds  all  nijjjht.  The  fires  are  banked,  and  the  boilers  are  left 
to  themselves,  apparently  in  a  safe  condition.  But  with  boilers 
set  in  brickwork  the  fire-brick  lining  of  the  setting  gets  pretty 
hot  during  the  day,  and  forms,  as  it  were,  a  reservoir  of  heat ; 
and  if  the  fireman  is  in  a  sperial  hurry  to  get  away,  it  very  often 
happens  that  sufficient  precaution  has  not  been  taken  to  prevent 
the  rise  of  steam  pressure  during  the  night.  Now,  without  a  re- 
cording pressure  gauge  of  some  kind  I  do  not  see  how  anvbody 
could  tell  in  the  morning  to  what  point  pressure  might  have  risen 
during  the  night,  although  in  the  morning  it  might  be  even 
lower  than  the  regulation  limit  for  the  night  time.  Of  course, 
with  a  record  made  by  a  gauge  during  the  night,  locked  up  in 
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tho  Kuperint^ndeut'a  or  the  manager's  office,  aud  out  of  reach  of 
iit«  fireiimn,  the  unexpected  and  perhiipa  dangerous  pressure  to 
which  a  toiler  might  be  subjected  cau  be  known  and  precautions 
taken  scmrdingly. 

In  discussing  this  class  of  instruments  before  this  Society,  it 
Bo(  course  imperative  that  ive  be  entirely  impartial  as  between 
MMintacturera  of  the  different  iuatrunienta,  but,  nevertheless, 
soch  a  position  should  not  deter  an  engineer  from  stating  his 
WBTictious. 
There  is  a  feature  which  I  have  noticed  in  recording  gauges, 
'  ud  that  is  the  evident  vibration  of  the  pencil  or  marker  in 
delmeating  the  record  of  pressure, 

I  Konid  like  to  ask  Mr.  Bristol  how  much  force  is  applied  in 
these  connected  tubes  which  he  showa  in  his  gauge.  My  idea  is 
thai  with  considerable  pressure  one  way  aud  considerable  resist- 
Uice  tlift  other  way,  the  friction  of  the  machine  itself  entirely 
dnspp^am  aud  we  get  a  steady  line,  which  of  oourse  is  the 
iffljiDrtant  object  sought.  As  far  as  I  can  see  on  Mr.  Bristol's 
ehart,  the  record  seems  to  be  verj-  clear. 

ilr.  JarmH  B.  Ednon. — I  am  very  much  interested  in  this  in- 
strnment.  because  there  are  many  places  whei-e  increueed 
"irarei  "  directly  ironx  the  pressure  itaelf  its  very  necessary,  aud 
of  the  methods  now  in  use  none  give  it  except  to  a  limited 
extent-  Still,  without  wishing  to  criticise  the  conatruetion  which 
in  this  new  form  gives  the  increased  ratio  of  travel,  I  would  like 
to  aak  how  we  are  to  get  along  with  the  sensitiveness  of  the 
Bjmng  to  external  jars  and  vibrations  due  to  the  fact  of  its  being 
supported  at  one  end  only.  Ton  will  remember  that  the  old 
Bonrdon  spring  was  faulty  in  this  direction,  and  gave  rise  to 
Lane's  improvement,  consisting  in  closing  the  tube  at  both  ends 
■nd  opening  it  at  the  middle,  from  which  point  it  was  supported. 
This  secured  greater  rigidity  and  adapted  the  gauge  to  locomo- 
tive use.  Perhaps  the  author  can  explain  what  is  to  hinder  the 
markecfrom  making  a  false  record  due  to  these  external  oscilla- 
tions. Another  thing  occurs  to  me  to  which  it  is  well  to  call 
tttention  in  this  connection,  although  not  in  any  way  meaning 
to  reflect  upon  this  particular  form  of  instrument.  It  is  this, 
that  it  is  one  thing  to  see  a  record  on  a  piece  of  paper,  by  what- 
ever device  made,  but  quite  another  to  know  whether  it  is  cor- 
Kct  The  difficulty  lies  in  the  fact  that  the  instrumentalities 
we  can  employ  for  giving  the   travel   or   original  indications 
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are  limited  in  number,  and  none  of  them  act  fully  up  to  what 
we  would  desire.  Coupled  with  inaccuracies  due  to  yarious 
causes,  they  also  lack  resilience  or  ability  to  respond  promptly 
when  the  change  in  pressure  or  temperature  occurs.  If  a 
mercurial  thermometer  is  placed  in  heated  water  the  mercuiy 
will  rise  rapidly  at  first  and  then  appear  to  come  to  a  point 
of  rest,  while  if  carefully  examined  it  may  be  fonnd  still 
rising,  until  after  exlmusting  much  patience,  we  conclude  finally 
upon  the  temperature  indicated.  Then  if  removed  from  the 
heated  water  to  the  external  air,  much  time  will  be  required  for 
the  mercury  to  settle  to  a  point  indicating  the  air  temper- 
ature surrounding  it.  Meanwhile,  if  read,  nothing  but  error  can 
result.  Now,  it  is  just  as  essential  that  a  heat  or  pressure  measur- 
ing device,  whether  of  the  indicating  or  recording  kind,  shall  be 
capable  of  answering  promptly  and  accurately,  as  that  it  shall 
simply  have  large  "  travel."  I  have  noticed  in  the  application 
of  this  sinuous  tube  device  to  the  indicating  of  temperature- that 
it,  too,  did  not  resi3ond  readily.  In  the  course  of  my  business 
as  manufacturer  of  pressure  recording  gauges,  I  am  frequently 
called  upon  for  a  recorder  of  temperatures  for  refrigerating  cars, 
warehouses,  &c ,  and  I  have  invariably  to  say  that  I  know  of  no 
means  whereby  satisfactory  results  can  be  obtained  which  shall 
respond  (juickly  and  accurately  and  also  be  applicable  to  the 
many  places  where  such  devices  would  be  acceptable.  In  a  vul- 
canizing boiler  of  a  rubber  factory,  for  instance,  the  temperature 
is  to  be  maintained  at  different  points  during  different  periods 
of  the  night,  but  in  the  morning  when  the  superintendent  finds 
the  valuable  contents  ruined  he  is  unable  to  prove  through  what 
range  the  watchman  has  allowed  the  temperature  to  vary.  Then, 
again,  to  be  useful  as  a  recording  thermometer,  it  must  be  capa- 
ble of  being  placed  right  in  the  medium  whose  temperature  it  is 
desired  to  record.  You  can't  accomplish  anything  by  placing 
the  one  shown  us  in  the  steam-jacket  of  a  vulcanizing  boiler ; 
and  if  you  don't  so  place  it  you  won't  get  at  the  facts,  even  ad- 
mitting that  it  possessed  the  properties  which  I  have  enumer- 
ated. So  that,  after  all,  what  we  want  in  these  directions  are 
sensitiveness,  both  up  and  down,  and  adaptability.  If  a  record- 
ing device  is  sensitive  without  power,  it  cannot  record  the  whole 
truth,  and  therefore  is  not  adapted  to  the  purpose  indicated.  To 
illustrate  :  Suppose  the  marking  pencil  or  device  causes  friction 
sufficient  to  restrict  the  full  throw  of  the  carrier  or  pointer  when 
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'  the  piMHtire   is  increasing,  it  is  obviouB  that  the  record  will 
cunutBliort  of  the  extreme  height  of  pressure  or  temperature, 
aa  Ibe  case  may  be.     Then  when  the   latter  ie  decreasing,  the 
rftatrieted  travel  due  to  such  fi-iction  will  [srevent  our  knowing 
hoirlowthe  temperature  or  pressure  has  fallen,  and,  in  other 
wnriis,  we  shall  never  know  the  whole  trath,  although  that  ia 
what  [irotnpta  the  employment  of  these  devices.     Quick  resili- 
eooe,  then,  and  power  to  overcome  friction  are  indispensible  in 
>  rwordiiij^  device,  and  I  arrived  at  the  conclusion  some  eighteen 
TBiTi  ago  that  there  was  only  one  way,  and  that  was  to  increase 
the  surface  against  which  the   pressure   acts,  and  to  resist  it 
with  proper  metal,  properly  tempered  to  make  a   measuring 
spring  of  it     I  thought  steel  was  the  best.     "While  the  instru- 
ment seems  very  nice  working  with  a  fluid  marker,  it  appears  to 
me  that  it  should  be  so  fortified  as  to  enable  it  to  mark  with  a 
tad  point ;  because  we  want  records  of  longer  periods  than  a 
day,  and  the  device  should  have  power  to  overcome  the  fric- 
tion necessary  to  wear  off  the  pencil  point.     In  connection  with 
Ibe  subject  I  am  very  glad  to  know  that  somebody  else  is  goiug 
to  call  the  attention  of  the  practical  people  of  the  country,  as 
•oil  H6  the  steam  users,  to  the  advantages  to  be  derived  by  re- 
curding  the  steam  pressure.     On  water  works  systems,  of  course, 
there  is  a  large  need  of  them,  as  everything  depends  upon  their 
preasDTe ;  but  with  steam  in  particular  I  know  that  a  vast  deal 
of  data  and  risk  go  unknown.     Facts  are  constantly  coming  to 
my  attention  growing  out  of  the  employment  of  steam  recorders 
which  show  that  their  use  should  be  imperative.     In  a  building 
on  Broadway,  costing  three-quarters  of  a  million,  fires  were  re- 
cently banked  for  the  night  as  usual,  but  the  wind  changed  both 
in  direction  and  velocity  after  the  fireman  had  gone,  and  the  re- 
Bolt  was  that  the  steam  roared  for  an  hour  or  two  in  the  middle 
oi  the  night  to  the  alarm  of  those  iu  the  neighborhood.     The 
ufety-valve  was  operative  in  this  case,  as  its  name  implies,  and 
BO  prevented  overpressure  and  an  explosion,  but  the  damper 
fegnlator  closed  when  the  pressure  got  up,  and  so  shut  in  the 
heat  of  the  fire  and  made  the  conditions  all  the  worse.     It  may 
seem  a  trivial  matter,  but  if  the  boiler  had  become  short  of 
vater,  due  to  steam  generated,  and  blown  off  so  unexpectedly, 
or  if  the  safety-valve  had  been  overloaded  or  stuck  in  its  seat, 
»  18  often  the   case,  an  explosion  would  have  resulted.     The 
Koording  gauge  record  now  shows  the  man  where  his  steam 
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gets  to  (luring  his  absence,  and  he  knows  better  how  to  guard 
against  a  repetition  of  such  an  occurrence.  In  another  instance 
a  recording  gauge  showed  how  a  city  boiler  inspector  tested 
a  boiler  by  jumping  the  pressure  for  an  instant  to  only  five  per 
cent  beyond  what  the  boiler  regularly  carried  and  then  releasing 
it,  not  even  continuing  the  test  long  enough  to  pass  around  the 
boiler  and  learn  how  it  looked  under  the  testing  strain.  The 
record  traced  by  the  rising  and  falling  pressure  was  a  single 
vertical  line,  showing  that  the  test  was  simply  jumped  on  for  an 
instant,  and  was  more  injurious  and  misleading  than  beneficial 
I  could  cite,  if  time  allowed,  innumerable  instances  from  actual 
occurrences  to  show  how  indispensible  the  pressure  recorders 
are ;  but  it  tjikes  much  time  and  effort  to  convince  the  average 
steam  user,  or  engineer,  for  that  matter,  that  there  is  anything 
of  value  to  be  learned  by  their  employment,  and  I  gladly  wel- 
come this  new  candidate  in  the  field  of  labor. 

Mr,  Alfred  H,  Wolff, — The  point  which  the  gentleman  makes 
about  the  use  of  recording  gauges  I  think  has  two  aspects,  and 
one  is  very  favorable  to  the  apparatus  which  has  been  show  this 
afternoon.  I  think  engineers  as  a  class  aj^preciate  the  value  of 
recording  gauges,  and  still  they  often  find  themselves  at  a  loss 
to  be  able  to  apply  them.  It  has  been  my  fortune  to  specify 
for  a  gi'eat  nifiny  steam  plants  in  this  city  for  important  build- 
ings, and  still  I  find  myself  unable  to  include  the  recording 
gauge  as  often  as  I  would  like  to.  Although  consulting  engin- 
eers have  the  reputation  that  their  employment  means  greater 
cost  of  plant,  the  funds  placed  at  our  disposal  are  such  that,  if 
we  wish  to  make  a  decided  success,  there  are  so  many  things 
which  are  absolutely  re(|uired,  especially  in  liberality  of  capacity 
and  proportion,  that  we  cannot  find  the  means,  much  as  we 
should  desire,  to  include  recording  gauges  if  they  are  expen- 
sive. Now,  it  pppears  to  me  that  this  Bristol  gauge  can  be 
constructed  very  cheaply  and  put  on  the  market  cheaply,  and  if 
tliis  is  the  case,  even  were  its  record  not  quite  as  exact  as  that 
of  otliers,  it  would  meet  the  great  need.  The  greatest  advantage 
of  the  recording  gauge  is  to  put  a  check  on  the  engineer,  and  if 
that  check  is  within  one-half  of  one  per  cent.,  it  will  afford  all 
practic^al  means  for  the  greatest  use  to  which  the  gauge  can  be 
put ;  and  wliile  I  have  no  doubt  Mr.  Bristol  is  prepared  to  point 
out  that  h(i  gets  scientifically  accurate  results,  as  I  believe  he 
does,  I  still  maintain  that  if  his  records  were  not  absolutely 
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scientifically  accurate,  and  the  apparatus  can  be  furnished  at  a 
reasonable  price,  it  will  fill  a  very  large  need. 

Mr.  W.  H.  Bristol. — The  inquiries  of  both  Mr.  Hague  and  Mr. 
Edson  would  indicate  that  they  supposed  the  tube  of  the  instru- 
ment would  be  quite  sensitive  to  any  jar  to  which  it  might  be 
snbjected,  but  this  is  not  the  case,  for  the  tube  is  only  about  six 
inches  in  length  and  is  considerably  stiffened  by  the  strip  secured 
along  the  bends.     It  must  also  be  noticed  that  the  inking  pointer 
is  attached  to  the  moveable  or  free  end  of  the  tube,  and  that  the 
pen  rests  against  the  revolving  chart  for  receiving  the  record. 
The  tube  is  thus  practically  supported  at  both  ends  and  is 
therefore  quite  rigid.     For  special  cases  where  extra  rigidity  is 
required,  a  pair  of  parallel  tubes  could  be  employed  by  con- 
necting their  movejkble  ends.     Such  an  arrangement  would  be 
qnite  analogous  to  Lane's  improvement  of  the  ordinary  Bourdon 
gauge,  of  which  Mr.  Edson  spoke,  by  which  it  was  made  avail- 
able for  locomotive  use. 

Mr.  Hague  asked  about  the  force  obtained  by  the  motion  of 
tie  tube.  I  would  reply  that  this  may  be  varied  at  will  by 
changing  the  proportions  of  the  tube.  In  the  instrument  ex- 
hibited it  is  I  inch  in  width.  When  the  pressure  is  applied  the 
tnbe  responds  instantly  with  considerable  force,  much  more 
thau  is  necessary  to  overcome  tho  friction  of  the  inking  point 
upon  the  chart. 

As  the  chart  is  continually  moving,  actuated  positively  by  the 
clock  work,  in  a  direction  at  riglit  angles  to  the  motion  of 
the  recording  pen,  it  is  evident  that  when  a  change  of  pros- 
sure  occurs  the  pen  will  at  once  readily  accommodate  itself 
to  the  true  position  due  the  change,  thus  giving  accurate 
records. 

I  have  found  no  difficulty  in  obtaining  good  results  ])y  a  brass 
point  and  the  so-called  metallic  paper,  which  is  sometimes  em- 
ployed for  indicatcn*  diagrams,  and  have  no  doubt  that  a  lead 
pencil  could  be  used  if  it  was  desired.  For  my  ])art,  I  prefer 
using  ink,  as  it  makes  a  distinct  and  clearly  defined  record  which 
is  not  so  liable  to  become  erased  as  a  pencil  line. 

In  exhibiting  the  pressure  tube  as  applied  to  a  thermometer, 
it  was  wet  from  an  ice-Avater  bath,  and  was  so  arranged  that  I 
was  unable  to  apply  the  lieat  of  the  flamo  to  advantage,  hence 
it  did  not  responel  quickly  ;  however,  had  I  a  vessel  of  warm 
water  into  which  the  tube  could  have  been  placed  it  would  have 
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acquired  the  temperature  of  the  water  at  once,  and  consequently 
have  given  a  corresponding  deflection. 

In  the  application  of  the  pressure  gauge  as  a  thermometer,  its 
sensitiveness  will,  as  in  any  thermometer,  be  limited  by  the  facil- 
ity of  the  tube  and  its  contents  to  acquire  with  promptness  the 
temperature  of  the  surrounding  medium. 

As  to  the  gauge's  being  scientifically  accurate,  I  would  say 
that  I  believe  it  to  be  as  nearly  so  as  it  is  possible  to  graduate 
it  in  comparison  with  a  standard  test  gauge. 

Some  of  the  instruments  have  been  in  continual  operation  for 
from  one  to  one  and  a  half  years,  and  I  find  that  the  tubes  do 
not  change  or  lose  their  elasticity. 

Mr.  Wolff  called  attention  to  the  fact  that  the  gauge  was 
simple,  could  be  easily  constructed,  and,  consequently,  placed 
upon  the  market  at  a  moderate  price — one  which  would  make  it 
possible  for  engineers  to  include  a  recording  gauge  in  their 
specifications.  This  point  is,  I  believe,  a  very  valuable  feature 
of  i^he  instrument  shown,  and  will  probably  make  recording 
gauges  a  necessity  in  many  places  where  heretofore  they  have 
been  considered  a  luxury. 

The  gentlemen  have  very  clearly  set  forth  the  great  import- 
ance of  recording  gauges,  and  it  is  very  gratifying  to  hear  directly 
from  experts  in  steam  and  hydraulic  engineering. 
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(Hembec  of  the  Soclet]'  and  PibI  FrcEident.} 

Is  offiring  the  paper  herewith  presented  to  the  American 
^c»ciBtT  of  MeehaiiicaJ  Engineers,  it  seems  but  fair  to  you,  and 
J'Jst  lo  the  author,  to  give  at  least  some  of  the  reasons  which  have 
'^flimrioed  hini  in  the  selection  of  the  subject  to  which  your  atten- 
tion sill  be  briefly  calletL 

lo  the  first  place,  the  peculiar  mechanism  described  in  the 
l^Qper  is  the  continuation,  if  not  the  culmination,  of  an  invention 
***3liDctly  Ainericau — an  invention  which,  from  its  first  coneep- 
j*«niiearly  fifty  years  ago  to  within  a  recent  date,  was,  through  all 
*«  truDditiou  fitaf^es — ^from  a  little  apparatus  at  first  designed  to 
^''^pJj-  feed  water  to  a  small  boiler  on  a  ciinal-bcwit,  up  to  the 
'■•iQiense  engines  now  used  to  supply  water  for  the  largest  cities 
^  onr  own  as  well  as  foreign  countries — the  outgrowth  of  the 
^*tidy  and  patient  industry  of  one  who,  in  recognition  of  his 
^'"eat  interest  and  invaluable  aid  in  the  formation  of  this  society, 
**««  by  common  consent  been  named  on  the  foremost  page  of  its 
■**l«torj  as  one  of  its  "Honorary  Members  in  Perpetuity — 
■•J^ceased  Founder  of  the  Society." 

If,  in  what  will  be  said  of  the  invention  of  the  direct-acting 

^t«ain-pump,  and  of  the  varions  subsequent  improvements  tbere- 

**B,  there  shall  seem  to  be  a  direct  or  implied  tribute  of  respect 

■t«  the  memory  of  Henry  R.  Worthington,  I  am  certain  that  such 

^  tribute  will  awaken  a  hearty  response  in  the  minds  and  mem- 

<iries  of  all  the  members  of  that  small  group,  who  a  few  years 

^0  came  together  in  New  York  City,  and  founded   a  society 

■whose  growth  in  membership  has  not  only  been  most  marvellous, 

Itit  which,  better  than  all  else,  has  come  to  take  its  place  among 

lindred  societies  as  the  acknowledged  leader  of  mechanical 

ability  and  achievement 

The  special  contrivance  to  which  I  shall  later  on  call  your 
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attention,  and  which,  amplified  and  perfected  since  the  death  of 
Mr.  Worthington,  has  been  added  to  the  direct-acting  steam- 
pump,  and  which  by  its  action  has  lifted  that  class  of  machineiy 
to  the  higher,  if  not  tbe  highest,  realms  of  economic  duty,  has 
been  tlie  result  of  the  study,  experiment,  and  ingenuity  of  a 
member  of  this  society.  I  speak  of  this  fact  at  this  time  to  illus- 
trate, to  some  extent  at  least,  the  truth  of  the  saying,  that  an 
inventor,  like  a  prophet,  is  not  without  honor  save  in  his  own 
country.  That  it  was  left  to  foreign  engineers  first  to  discover 
the  value  of  these  later  inventions,  and  to  adopt  them,  and  for 
the  judges  of  a  foreign  exposition  to  award  to  their  performance 
the  higliest  reward  in  their  gift  to  bestow — the  grand  prize — is  in 
the  main  due  to  the  fact  that  so  quiet  ha»  been  the  introduction 
of  these  new  and  important  features  in  pumping  machinery  in 
this  country,  so  modestly  have  their  merits  been  announced, 
that  few  engineers  are  aware  of  their  existence,  and  fewer  still 
have  had  an  opportunity  to  study  the  principles  upon  which 
they  are  founded,  or  the  results  which  they  produce. 

Fortunately,  to  this  audience  it  is  unnecessary  to  recount  the 
history  of  pumping  machinery,  or  to  enlarge  at  length  upon  the 
difficulties  as  well  as  the  dangei-s  to  be  overcome  in  the  convey- 
ance of  water  through  long  lines  of  pipes.  About  me  on  all  sides 
are  veteran  engineers,  who,  in  the  holds  of  steamers,  the  sump  of 
the  mine,  or  in  the  well  of  the  pump-shaft,  have  wrestled  with 
split  pipes  and  blown-out  joints,  improvising  clamps  for  the  one, 
whittling  wooden  wedges  for  the  other,  and  all  on  account  of  that 
aquatic  beast  never  yet  seen  but  often  felt  and  heard,  and  always 
feared — tlie  hydraulic  ram. 

All  will,  I  think,  agree  that  the  perfection  of  pumping  machinery 
would  be  an  arrangement  of  mechanism  which  would  be  self-con- 
tained, easily  reached  in  all  its  parts,  inexpensive  as  to  its  own 
cost,  and  also  as  to  the  foundation  ujjon  which  it  rests,  which 
would  possess  a  self-restraining  power  which  would  become  auto- 
matic in  case  of  the  breaking  of  mains  or  wide  variations  of  loads 
— a  machine  which,  while  it  possessed  ample  power  to  force  the 
water  through  the  pipes  at  all  times,  would  at  the  same  time  do  so 
with  an  elastic  power  which,  while  yielding  to  sudden  and  remit- 
tent resistauce  of  the  water  in  the  mains,  would  still  steadily  keep 
it  on  its  onward  movement.  If  such  a  pumping-machine  can  be 
had,  in  which  one  or  more  steam  cylinders  can  be  directly  attached 
to  the  pump-plungers,  and  without  the  use  of  cumbersome  vibra- 
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tin); beams,  or  lieavily  rimmed  revolviDg  fly-wheels,  together  with 
the  required  intermediate  conDectious  of  shafts,  cranks,  connecting- 
Tttls,  aud  complicatetl  valve  gear,  etc.,  we  shall  have  greatly  sim- 
plified the  pumping  engine  as  formerly  built  to  supply  cities  with 
ititer. 

Sncli  pumping  engines  we  Lave  in  very  extensive  use,  and  their 
nine  is  well  attested  by  the  fact  that  a  large  number  of  firms  are 
eogaged  iu  their  manufacture.  Valuable  as  are  these  engines, 
nnnierons  as  are  their  good  points,  improved  and  perfected  as  they 
lite  been,  of  late  years,  by  the  conapounding  of  their  steam- 
C7]iii(lers,  they  have  always  and  still  lack  one  thing — one  thing 
"liiub  their  most  ardent  admirers  have  been  obliged  to  confess 
ss  not  only  desirable,  but  imperatively  necessary,  before  they  can 
tnitr  tlie  list  among  the  most  economic  engines  for  raising 
Mier,  That  one  thiug  is  the  ability  to  cut  off  the  steam  within 
'be  cjlinders,  and  to  complete  their  stroke  by  the  expansion  of 
tbesteaia  remaining  in  the  cylinder.  Of  late  years  the  economy 
ofdirect-iicting  pumping  engines  has  been  somewhat  increased  by 
coiDpOQudiug  the  steam  cylinders,  and  possibly  some  further 
»^MDiage  may  be  derived  from  the  use  of  Iriple-espitusiou 
cjlinders;  bat  the  complication  of  parts,  and  especially  the  inac- 
cessibility of  pi.ftons  and  packings,  would  seL-iti  to  limil  progress 
in  that  direction.  Having  shown  what  the  direct  steam  pumping- 
^gine,  valuable  as  it  is  in  many  respects,  still  lacks  in  order  to 
prodnce  the  most  economic  results,  we  are  now  ready  to  proceed 
to  describe  a  most  ingenious  device  by  which  this  long-felt  want 
his  been  supplied. 

The  ideal  card  taken  from  the  water  cylinder  would  be  a  card 
aqnare  at  each  end,  and  in  which  the  sides  would  be  parallel  to 
each  other.  That  such  cards  are  raie  is  ti-ue,  but  that  they  are 
possible  is  also  true. 

Now,  in  order  to  use  steam  expansively  in  one  cylinder,  it  must 
be  admitted  at  the  commencement  of  the  stroke  at  a  pressure 
higher  than  that  required  to  perform  the  average  work  assigned  it. 
Jnst  how  much  higher  will  depend  on  the  ratio  of  expansion 
songht  to  be  obtained.  Yet,  if  steam  under  such  eouditions  should 
be  admitted  to  a  pumping  engine  of  the  kind  under  consideration, 
it  ia  easy  to  see  that  our  ideal  water  card  would  be  at  once  dis- 
torted beyond  recognition  ;  while,  if  we  cut  off  the  steam  during 
s  portion  of  the  stroke,  its  pressure,  by  reason  of  its  expansion, 
would  fall  below  a  point  necessary  to  propel  the  plunger,  and  the 
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pump  would  stop  short  of  the  end  of  its  stroke.  What  is  wanted 
is  some  means  by  which  the  excess  of  power  due  to  high  steam, 
admitted  at  the  commencement  of  the  stroke,  can  be  stored  up  so 
as  to  be  available  toward  the  end  of  the  same  stroke,  and  thus 
equalize  the  power  to  the  load;  so  that  the  propulsion  of  the 
plunger  shall  be  equal  and  uniform  throughout  the  entire  stroke, 
and  so  that  the  water  column  be  so.  steady  in  its  flow  as  to 
show  no  perceptible  pulsations. 

The  cut,  Fig.  16,  shows  a  sectional  elevation  of  a  compound 
direct-acting  steam-pump,  having  attached  to  it  what  has  been 
called  the  high  duty  attachment. 

To  ordinary  compound  direct-acting  steam  pumps,  as  usually 
built,  there  is  attached  a  plunger-rod  which  projects  through  the 
outer  end  of  the  pump  chamber,  and  around  which  there  is  the 
usual  stuffing-box  for  packing  the  same.  On  the  end  of  this 
plunger-rod  is  fastened  a  cross-head,  which  moves  in  guides  which 
are  bolted  on  the  outer  end  of  the  pump.  On  this  cross-head  and 
opposite  to  each  other  are  semi-circular  recesses.  On  the  guide 
plates  are  cast  two  journal-boxes,  one  above  and  one  below  the 
l>lunger-rod,  both  equidistant  from  it,  and  at  a  point  equal  to  the 
half  stroke  of  the  cross-head.  In  these  journal-boxes  are  hung 
two  short  cylinders  on  trunnions,  which  permit  the  cylinders  to 
swing  backward  and  forward  in  unison  with  the  plunger-rod. 
Within  these  swinging  cylinders  are  plungers,  or  rams,  which  pass 
through  a  stuffing-box  on  the  end  of  the  cylinder,  and  on  their 
outer  ends  they  have  a  rounded  projection  which  fits  in  the  semi- 
circular recesses  in  the  cross-head ;  and  consequently,  as  the  cross- 
head  moves  back  and  forward,  it  carries  with  it  these  two  plungers, 
which  in  turn  tilt  the  cylinders  back  and  forward  on  their  trunnions. 
These  swinging  cylinders  are  called  "  compensating  cylinders," 
and  they  are  filled  with  the  fiuid  being  pumped. 

The  pressure  on  the  plungers  within  the  compensating  cylinders 
is  produced  by  connecting  these  cylinders  through  their  hoUow 
trunnions  with  an  accumulator,  tlie  ram  of  which  is  free  to  move  up 
and  down  as  the  plungers  of  the  compensating  cylinders  move  in 
and  out.  The  accumulator  used  is  of  tlie  differential  type  ;  it  has 
below  a  small  cylinder  filled  with  water  or  oil,  within  which  its 
plunger  moves,  while  above  it  has  a  larger  cylinder  filled  with  air, 
and  within  which  there  is  a  piston-head  which  fits  closely  to  the 
cylinder,  and  is  at  the  same  time  attached  to  the  top  of  the 
plunger  in  the  lower  cylinder. 
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By  this  arraugement  it  will  be  seen  that  the  pressure  per  ^qnaie 
inch  on  the  plunger  or  ram  of  the  accumulator  will  be  the  pressure 
per  square  inch  on  the  piston-head  in  the  upper  cylinder,  multi- 
plied by  the  difference  between  the  area  of  the  piston-head  and 
the  lower  plunger.     This  difference  of  areas  is  a  matter  of  calca-  - 
latiou,  based  upon  the  particular  service  for  which  the  pump  ifl^ 
coustinicted.     The  pressure  in  the  air  cylinder  is  controlled  bj^ 
the  pressure  in  the  main  delivery  pipe  of  the  pump,  as  it  is  con-^ 
nected  to  that  pipe.     This  connection  with  the  main  has  another"^ 
very  important  use,  as  the  power  exerted  by  the  compensating 
cylinders  is  a  very  considerable  part  of  the  power  used  in  driving 
the  pump-plunger  at  the  latter  part  of  its  stroke,  and  it  will  b  ^ 
seen  tliat  if,  for  any  cause,  either  by  the  breaking  of  the  main 
otherwise,  the  load  is  entirely  thrown  off  the  pump,  the  plun 
cannot  make  a  disastrous  plunge  forward,  for  the  reason  that  th^* 
steam  in  the  steam  cylinder  is,  by  reason  of  its  expansion,  too  lo^^ 
in  })ressure  to  drive  it,  while  the  fall  of  pressure  in  the  main  ha.^ 
robbed  the  accumulating  cylinders  of  their  power. 

Having  briefly  described  the  construction  of  this  novel  attach-^ 
ment   for   the   purpose   of  using   steam   more   expansively  thai^ 
ever  before  in  direct-acting  steam-pumps,  we  will  examine,  witL? 
the  aid  of  a  diagram,  as  to  the  varying  forces,  both  retarding  a^ 
well  as  advancing,  produced  by  the  action  of  the  compensating 
cylinders.     In  Fig.  17  we  have,  above  and  below  the  base  line,  A^ 
B,  a  curved  line  which  graphically  illustrates  the  amount  of  power* 
exerted,  and  how  it  is  divided  during  one  stroke  of  the  pump,  A^ 
being  the  beginning  of  the  stroke, /*''  the  half-stroke,  and  B  the 
end  of  the  stroke.     In  the  illustration,  under  the  curved  line  we 
see  the  position  of  the  compensating  cylinders  at  various  parts  of 
the  stroke,  and  from  which  position  the  line  of  curvature  above  is 
produced.     At  the  commencement  of  the  stroke  at  A,  it  will  take 
an  amount  of  power  equal  to  the  line  a"l"  to  push  the  plunger 
in  the  cylinder,  and  against   the   load  on  the   accumulator ;   as 
the  plungers    are   driven    in,   the    angle  of   inclination    of    the 
plunger  to  the  centre  line  of  the  pump-plunger  changes,  so  that 
at  each  ordinate  it  takes  less  and  less  power  to  push  them  in,  and, 
as  a  consequence,  the  retarding  effect  on  the  pump-plunger  is  less 
and  less,  until  it  arrives  at  the  half-stroke,  when  the  plungers 
stand  at  right  angles  with  the  pump  plunger-rod,  and  they  exert 
no  effort  to  drive  it  in  either  direction.     As  the   pump-plunger 
begins  to  pass  its  half-stroke,  the  plungers  of  the  compensating 
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(^lindiJtn  begin  to  push  oatwardly,  and  begin  to  esert  an  influeoce 
k)  propel  tbe  pamp-pluDger  forward  toward  tho  end  of  the  stroke; 


which  influence  becomes  greater  as  tbe  angle  becomes  more  acute, 
until  &(  tbe  end  of  tbe  stroke  they  give  out  again  all  tbe  power 
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tbey  took  up  at  tbe  beginning.      Tbis  line   of  resistance   and 
impulse  can  be  varied  by  cbanging  tbe  points  of  suspension  ot  tiw 
compensating  cylinders,  or  tbe  load  on  tbe  plunger  of  the  acc5U- 
mulator,  so  as  to  suit  diflferent  steam  pressures  and  various  poio** 
of  cut-off.    In  Fig.  25  we  bave  a  card  taken  from  tbe  water  end  ^^ 
tbe  same  pumping- engine  as  tbe  steam  cards  were  taken  fro^» 
JTA''  sbowing  tbe  line  of  atmospbevic  pressure,  and  T  Y  ti^® 
zero  or  no-pressure  line.     In  tbis  water  card  the  ends  are  verti©^^ 
and  tbe  top  and  bottom  lines  are  practically  parallel,  and  in  th^^^ 
respects  it  fulfils  all  tbe  requirements  of  our  ideal  water  cai^^ 


X- 


AlmcfSirAeric  Line. 


ZfTX)  Pressure  Lint . 

Fig.  25. 


Tbe  power  used  to  drive  tbe  pump-plunger  in  tbe  engine  under 
consideration  is  derived  from  two  steam  cylinders,  in  which  the 
steam  used  in  one  cylinder  is  exhausted  into  the  other,  and  then 
afterward  condensed  in  order  to  produce  a  vacuum. 

The  indicator  card  taken  from  tbe  high-pressure  steam  cylinder 
is  shown  by  Fig.  18,  the  admission  line  of  which  is  straight  and 
perpendicular  to  tlie  line  of  motion  ;  tbis  is  due  to  the  fact  that  in 
puuiping-eiiginos  of  the  kind  which  we  are  describing  there  is  a 
slight  pause  at  tbe  end  oi  each  stroke,  which,  not  only  allows  the 
pump- valves  to  seat  themselves  quietly,  but  it  as  well  fills  up  the 
clearance  and  steam  ports  to  tbe  full  pressure  before  the  piston 
starts.     In  tbis  diagram  XX  represents  the  line  of  the  atmos- 
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pkeric  pressure,  and  Y  Y  the  line  of  zero  or  no  pressure.  The 
power  exerted  in  this  cylinder  up  to  the  point  of  cut-off  and  from 
tbtio  the  end  of  the  stroke  is  shown  by  the  line  I,  m^  n,  o,  p,  q, 
f,»,/,tt,i',  which  is  the  steam  line  of  one  stroke  of  the  high  press- 
ure piston.  The  return  stroke  is  shown  by  the  exhaust  and 
compression  line,  h^j,  i,  A,  g^f,  e,  d,  c,  6,  a. 

The  actual  power  exerted  in  this  cylinder  will  be  the  pressure 
iboYethe  Une  Y  Y  B,i  each  of  the  ordinates,  less  the  back  press- 
ure at  the  same  ordinate.  If  we  take  this  actual  pressure,  and 
«pplyitto  the  same  number  of  ordinates,  all  of  which  shall  start 


X-— 


y- 


\A  tmospheric  Lin  e ,   \ 


Zero  Preisitre Line   ■ 


Fid.  18. 


from  one  common  base  line,  as  at  A  A\  Fig.  19,  we  will  have  a 
curved  line,  as  shown  l)y  A',  B' ,  C ,  7/,  E\  F\  G\  11',  I',  J',  K\ 
^iid  which  will  be  the  available  steam  pressure,  or  power,  at  each 
part  of  the  stroke  of  this  piston.      In   Fig.  20  we  obtain  by  the 
same  process  the  line  of  pressure  in  the  low-pressure  or  expand- 
ing steam  cylinder,  and  on   the  same  number  of  ordinates,  and 
from  each  of  which  we  must,  as  before,  deduct  the  back  pressure 
al>ovo  the  line  Y  Y,      When  we  have  done  t^o  we  will  have,  as 
f'efore,  a  curved  line,  showing  the  available  pressure  in  the  low- 
pressure  cylinder.     This  curved  line  of  power  or  pressure  will  be 
seen  in  Fig.  21. 
As,  in  this  case,  the  low-pressure  cylinder  has  four  times  the 
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area  of  the  high,  we  multiply  the  pressure  shown  in  Ei| 
21  by  four,  and  this  result,  as  shown  by  Fig.  22,  is  4he  powi 
exerted  on  the  pump-plunger  by  the  low-pressure  piston.    Hayii 


B  F  O 

Fig.  19. 


a 
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now  the  power  developed  on  the  H.  P.  and  L.  P.  cylinder  show 
separately,  in  order  to  know  what  power  they  exert  when  cob 
bined  we  add  one  to  the  other,  which  gives  us  the  card  as  show 


Zero  Pressure  Line" 

Pig.  20. 


by  Fig.  22,  which  not  only  shows  the  total  power  exerted  by  boi 
pistons,  but  also  shows  just  how  much  power  is  exerted  at  eve: 
part  of  the  stroke.    An  examination  of  the  curved  line  of  pressu 


Fio.  21. 


or  power  on  this  card  (Fig.  23)  will  clearly  show  how  unsuitab 
such  a  power  is  to  produce  a  uniform  steady  motion  on  a  wat 
column  when  connected  directly  to  the  plunger  of  a  pomp. 
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fig,  24  we  have  a  composite  card  in  which  all  the  previous  steam,*. 
*ster,  aud  compensating  cylinder  cards  are  combined  in  one  card.  ' 

First.— Within  the  lines  -d,  W,  IF',  E,  we  have  the  water  card  ^ 
inTiDiulj  shown  in  Fig.  9. 

Seoondlv. — The  space  enclosed  within  the  lines  A,  W,  A",  J3" 
(r,  D-,  E-,  F'-.  G",  R ",  /",  J",  K'\  and  K,  J,  L  B,  O,  F,  E,  D, 
C,  B,  is  the  steam  cards  Fig.  19  and  Fig.  23,  all  combined  in  one 
aiA,  as  in  Fig.  23,  the  top  carved  Une  of  wliich  shows  not  only  Uie 
loliJ  steam  power  used  during  one  stroke  of  the  piston,  but  it 
»ko  shows  Just  how  much  power  is  exerted  at  each  ordinate,  which 
in  all  (tiese  cards  enclose  ona-teoUi  of  the  stroke. 


\ 


a* 

!  ^^' 

!         !  \e- 

i      i  !\    . 

\      !  I    T^ 


Thirdly, — In  the  lower  cnrved  line,  and  which  crosses  the  base 
line,  A  K,Rt  F,  we  have  the  line  of  effect  produced  by  the  com- 
pensating cylinders,  as  shown  and  explained  in  Fig.  17.  The  end 
Kmght  to  be  accomplished,  it  will  be  remembered,  is  the  use  of 
steam  at  a  high  pressure  in  the  steam  cylinders,  cutting  it  off 
doriog  a  portion  of  the  stroke,  and  at  the  same  time  to  have  the 
power  exerted  by  the  steam  on  the  water  column,  and  through 
the  movement  of  the  pump-plunger,  exactly  equal  to  the  resist- 
ance of  the  water,  when  moving  under  a  perfectly  uniform  prcas- 
ue.  In  other  words,  what  is  wanted  is  to  have  the  very  irregular 
cure  of  the  steam  pressure  brought  down  to  the  p;^rallel  lines  of 
the  water  pressure.     As  it  will  readily  be  seen  by  an  examination 
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of  Fig.  24,  the  power  exerted  by  the  steam  at  the  beginnii 
stroke,  and  up  to  the  middle  of  the  same  stroke,  is  la 
excess  of  the  power  required  to  move  the  water,  as  si 
the  lines  of  the  water  card ;  while  during  the  last  hall 
stroke  it  falls  below  what  is  required  to  move  the  water  c 


Fig.  23. 

Now,  if  we  examine  the  effect  produced  by  the  actio] 
compensating  cyliDders,  we  will  see  in  what  a  remarkable 
they  operate  to  correct  the  irregularities  of  the  steam  car 

At  the  commencement  of  the  stroke  at  the  left  hand  sid 
card,  Fig.  24,  it  will  be  seen  that  the  power  as  shown  wi 
lines  W,  A",  Z?",  C",  D",  E\  F'\  is  an  excess  of  power— mor 
wanted  to  move  the  water ;  but  if  you  look  at  the  lower  1 
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comer  it.  will  be  sc-yii  iliat  tlie  ]m\vv  williiii  thu  lines  J,  A  ,  11',  C, 
fKK,  F;  aiul  F,  F,  D,  L\  ft,  iias  bo.-ii  t;ikon  out  of  tlic  slo;iiii  c^.nl 
auil  absorbea  by  tbe  euiui)uii:^i'.tiiiL'  rvlin.b'is;  wbiK;  on  tlio  rif^bt 
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Land  side  of  the  card,  and  wLich  from  F"  is  the  last  half  of 
stroke,  when  the  line  of  power  in  the  steam  card  falls  below  \iW^ 
is  required  to  move  the  water  column,  the  compensating  cylind^^^ 
give  back  the  power  they  had   previously  absorbed,  and  th  ^^ 
supply  just  the  needed  power  to  complete  the  stroke. 

From  this  explanation  of  Fig.  24  it  will  be  seen  that  the  actu^^ 
available  power  for  the  propulsion  of  the  water,  irrespective  ''^^ 


whether  the  pressure  of  the  steam  is  high  or  low,  is  the  powe 
that  lies  between  the  upper  and  lower  curved  lines,  and  which  > 
during  the  entire  stroke,  is  practically  a  uniform  power. 

As  a  proof  of  the  remarkable  manner  in  which  the  compensat- 
ing cylinders  do  compensate  for  the  irregular  pressure  of  the  steam 
as  thus  used,  if  you  will  take  a  measurement  between  the  upper, 
or  steam  curved  line,  and  the  lower,  or  compensating  curved  line, 
on  any  of  the  ordinates,  in  any  part  of  the  stroke,  you  will  find 
that  the  distance  between  these  lines,  and  which  is  the  measure 
of  the  available  power  for  driving  the  pump-plunger,  is  exactly 
the  same  as  is  the  distance  between  the  upper  and  lower  lines  of 
the  water  card  on  any  ordinate,  in  any  part  of  the  stroke  of  the 
pump.  In  fact,  it  may  be  said  that  the  lines  of  power,  as  well  as 
the  lines  of  resistance,  are  practically  parallel,  and  thus  it  is  that 
there  is  exerted  at  all  times  just  power  enough,  and  no  more,  to 
force  the  water  column  along  so  quietly,  so  steadily,  that  on 
engines  of  this  construction  it  has  been  found  there  is  no  possible 
use  for  an  air-chamber  on  the  delivery  mains;  and  thus  is  the 
apparently  paradoxical  problem  solved,  of  producing  a  perfectly 
uniform  motion  and  pressure  in  a  steam-pump  using  steam  power 
variable  to  the  last  degree,  and  without  the  use  of  shafts,  cranks^ 
fly-wheels,  or  heavy  vibrating  beams. 

There  are  many  ingenious  devices  connected  with  the  compen- 
sating cylinders  and  the  accumulator,  which,  while  interesting, 
it  has  not  been  thought  best  to  occupy  your  time  in  describing, 
as  they  are  only  accessories  to  tlie  grand  result. 

In  closing,  I  avail  myself  of  the  opportunity  of  giving  still 
another  reason  for  the  presentation  of  this  paper  at  this  time. 
Believing,  as  I  do,  that  the  invention  described  opens  up  a  new 
and  important  era  in  the  construction  of  pumping  machinerj',  and 
that  a  careful  study  of  the  principles  upon  which  it  operates,  and 
the  manner  in  which  it  is  constructed,  as  well  as  the  results  pro- 
duced by  its  use,  will  confirm  in  your  minds  the  favorable  verdict 
already  given  concerning  it  by  eminent  engineers  abroad,  I  felt 
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%liit  I  trust  yon  will  all  deem  a  commeudable  pride  in  desiriDg 
tLstibUrst  presentation  and  discussion,  before  au  ongineering 
«oa«ty,  should  be  before  tlie  society  which  lias  in  so  mtirked  n 
auiiDer  bonored  the  memoi-y  of  the  man  whose  name  is  ao  closely 
identified' with  the  origin  aud  success  of  the  direct- acting  steam- 
pimp,  !imi  who,  by  his  life  and  hia  life's  work,  did  bo  much  to 
fifvate  to  the  proud  position  it  now  holds,  at  Lome  and  abroad, 
the  name — American  Engineer. 


i/r.  H.  B.  S'lplep. — To  refer  to  a  piece  of  ancient  history,  I 
ihnuld  like  to  call  the  attention  of  the  members,  in  connection 
»Ttb  lliia  matter  of  compensating  the  inequalities  of  the  power 
ii  different  parts  of  the  stroke,  to  the  fact  that  many  years  ago, 
1  tliiuk  while  James  Watt  was  still  living,  there  was  a  device 
sttiwlipd  to  Olio  of  his  beam  engines  when  they  were  first  applied 
lo  rotary  purposes,  which,  in  a  very  imperfect  manner,  suggests 
tbegprm  of  this  device.     There  was  a  small  cylinder  which  was 
open  to  the  atmosphere  at  one  end  and  entirely  closed  at  the 
otter.     This  was  geared  to  the  shaft  of  the  main  engine  by 
niMiis  of  suitable  linkage — two  to  one,  so  that  it  should  m.ike 
two  strokes,  while  the   main  cylinder  made  one.     When   the 
steam  was  first  admitted  to  the  main  cylinder  it  had  to  lift  this 
small  cylinder  against  the  pressnre  of  the  atmosphere.     When 
the  main  piston  had  reached  half  stroke,  the  small  piston  had 
nude  fall  stroke.     While  the  main  piston  was  completing  its 
■troke,  the  small  piston  was  going  back  again.     The  resistance 
of  the  atmosphere  opposed  the  force  of  the  steam  at  the  begio- 
iiiug  of  the  stroke  and  assisted  the  force  of  the  steam  at  the  end 
of  the  stroke.     This  did  not  compensate  nearly  as  uniformly  as 
lie  cylinders  of  the  Worthington  pumping  engine,  but  it  did  en- 
»ble  the  rotative  engines  then  ia  use  to  make  much  more  uni- 
form speed.     I  think  this  device  was  invented  by  Mr.  Buckle, 
»ho  was  connected  with  the  Watt  establishment,  and  it  will  be 
(oimd  described  in  Mr.   Bourne's  large  work  upon  the   steam 
engine.    It  seems  to  have  lain  entirely  dormant  until  it  is  now 
reapplied  in  a  much  improved  form  for  pumping  engines. 

Pro/.  J.  B.  Wel^. — The  device  employed  in  this  improved 
ptunp  stores  tip  the  power,  so  as  to  allow  the  steam  piston  to 
move  uniformly  while  the  water  piston  moves  uniformly.     I 
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should  like  to  ask  Mr.  Holloway,  however,  what  objectioa  t^^^ 
is  to  discomiecting  the  pistons  from  the  same  continuoas  p»  ^^' 
rod  and  connecting  them  by  mechanism  in  such  a  way  t^^ 
while  the  water  piston  moved  uniformly  through  its  stroke, 
steam  piston  would  move  with  an  accelerated  motion  daring 
expansion.     With  such  an  accelerated  motion  of  the  steam  pis  ^^1 
as  would  make  the  work  developed  by  the  steam  the  same  ^  , 
each  fraction  of  a  second,  i.e.,  constantly  equal  to  that  requir^ 
for  pumping  the  water,  and  with  a  suitable  connecting  mech^-^"^ 
ism,  adapted  equally  to  the  forward  and  return  strokes,  the::^^^ 
would  be  no  necessity  for  a  storage  of  energy. 

Prof.  J.  E.  Denfon. — It  is  a  matter  of  great  pride  to  all  America.*^  ^ 
engineers  to  contemplate  the  principles  and  the  success  of  thr-  ^ 
AVorthington  pumping  engine  in  the  form  in  which  it  was  d^  ^ 
veloped  by  our  late  distinguished  member,  Mr.  H.  R.  Worth — 
ington.     The  improvement  now  under  discussion,  I  understand^ 
provides  a  means  by  which  a  direct-acting  pump,  with  no  crank 
or  fly-wheel,  may  expand  steam  at  least  ten  times  with  perfect 
success. 

In  a  general  way  I  have  understood  that  there  was  a  compen- 
sating action  in  the  new  attachment,  but  I  never  appreciated 
before  how  perfect  the  adjustment  is,  by  means  of  the  varying 
obliquity  of  these  plungers  acting  against  the  constant  pressure 
of  the  accumulators. 

Prof.  R.  II.  Thurfiton. — It  is  a  groat  pleasure  to  be  able  to  say 
that,  among  all  the  devices  which  were  presented  to  the  Juries 
at  Paris  last  summer,  there  was  no  one,  so  far  as  my  own  knowl- 
edge and  hearing  went,  wliich  attracted  more  attention  than 
this  device  of  Mr.  Worthington's.  It  was  looked  upon  as  a  most 
beautiful  embodiuient  of  American  ingenuity.  I  do  not  know 
wliich  was  more  commented  on :  the  perfection  with  which  the 
apparatus  worked  or  the  beautiful  simplicity  of  the  device  itself. 
I  think  it  was  its  simplicity  quite  as  much  as  its  effectiveness 
which  secured  for  it  the  grand  prize— a  prize  which  is  very 
rarely  aci^cnded  to  any  invention.  The  members  of  the  Jury, 
and  engineers  who  were  also  interested  in  the  matter,  were  very 
desirous  of  securing  more  extended  accounts  of  the  performance 
of  the  engine  as  thus  improved,  and  we  could  only  refer  them  to 
the  results  of  a  trial  by  Professor  Unwin,  which  was  published 
in  Londcm  Engineering— and  I  think  republished  by  the  builders 
of  the  engine — the  result  being  to  show  that  the  engine  has  an 
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«xta»ordiiiaiil7  high  economy,  and  that  it  is  thus  brought  into 
the  highest  rank,  beside  those  pumping  engines  which  have 
hittierto  held  their  own  distinctiyely  on  the  score  of  economy. 

Jtfr.  Chaa.  E.  Emery, — ^It  has  been  my  pleasure  for  years  to 

note  the  development  of  the  Worthii^ton  pumping  engine. 

The  award  at  the  Centennial  Exhibition  was  written  by  me,  but 

at  mj  Buggestioh  signed  by  one  of  the  Judges  from  Ghreat  Britain, 

md  I  am  happy  to  say  was  very  pleasantly  received  by  Mr. 

Henry  B.  Worthington,  of  whom  Mr.  HoUoway  has  properly 

spoken  in  so  pleasant  a  manner.    In  that  award  it  wae^  stated 

thai  the  effort  during  the  stroke  of  one  of  the  two  cylinders  of  a 

dnplex  engine  blended  into  that  of  the  other,  so  that  although 

tlwre  was  reciprocating  motion,  the  water  column  moved  on  un- 

btermptedly  and  almost  without  change  of  velocity.    This  new 

iBfention — due  principally  to  Mr.  Charles  Worthington,  though 

doabiless  under  discussion  before  the  death  of  the  father— main- 

tiins  (he  same  uniformity  of.  action,  the  same  blending  of  the 

fane  exerted  by  one  of  the  duplex  pumps  into  that  of  the  other, 

t&d  niftiTifAiTia  practically  a  uniform  velocity,  although  the  steam 

IMBiire  in  the  cylinder  varies  greatly  on  account  of  the  high 

degree  of  expansion.     This  latter  improvement  I  may  say  rounds 

Qitl^  develops,  and  completes  the  original  conception,  and  secures 

IB  practice  results  so  satisfactory  in  every  respect  that  nothing 

biUier  can  be  desired. 

ilr,  Chas.  A.  Hague, — The  question  as  to  the  relative  economy 
between  the  older  form  of  the  Worthington  engine  and  this  new 
type  has  been  incidentally  brought  up,  and,  having  some  general 
information  on  that  point,  I  would  like  to  state  it.  The  records 
are  published  and  are  accessible,  and  in  general  terms  the  econ- 
omy is  about  one-third.  It  saves  about  one-third  of  the  fuel 
OTer  the  older  form  of  the  Worthington  engine,  principally,  of 
course,  because  the  ratio  of  expansion  is  increased  and  the  steam 
is  cut  off  and  expanded  in  both  cylinders. 

One  of  the  records  to  which  I  might  refer  is  in  connection 
with  pumping  oil  with  a  horse-power  of  500  to  700  against  an 
oil  pressure  of  from  800  to  1,000  pounds..  The  difference  in 
twenty-four  hours  in  fuel  was  the  difference  between  23,000 
pounds  of  coal  and  35,000  pounds  of  coal.  The  conditions  are 
exactly  the  same,  and  the  engines  are  side  by  side.  The  cylin- 
ders in  the  high-duty  engine  are  two  41 -inch  high-pressure  cyl- 
inders, with  two  82-inch  low-pressure  cylinders,  all  of  36  inches 
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stroke,  and  taking  steam  up  to  one-quarter  stroke  at  lOO  potinds 
gauge  pressure.  The  engine  alongside  of  this  new  one  has  two 
steam  cylinders,  each  of  33  inches  diameter  high  pressure,  two 
low-pressure  cylinders  58  inches  diameter,  all  of  36  inches 
stroke,  taking  a  lower  pressure  steam  and  the  steam  following 
full  stroke,  the  only  expansion  being  that  due  to  the  relatiye 
areas  of  the  pistons  and  the  loss  of  the  space  between  cylinders. 

Mr.  J,  F.  Hdhtvay, — As  to  the  question  of  economical  per- 
formance, that  is  one  which,  of  course,  is  a  matter  of  importance 
in  the  engineering  sense  of  the  word.  It  is  a  matter  which, 
however,  must  be  made  up  by  the  records  from  time  to  time, 
and  I  have  only  to  say  that  it  is  an  indication  of  the  very  thing 
which  I  have  said  in  the  paper — that  the  people  who  build  the 
engine  have  not  flooded  the  society  with  figures  and  pamphlets. 
I  did  think  that  this  mode  of  producing  a  result  that  has  long 
been  sought  for  was  one  of  very  great  interest,  and  I  am  quite 
sure  it  is,  from  the  remarks  that  have  just  been  made.  I  simply 
brought  it  forward  as  an  engineering  problem,  or  rather  the 
means  of  solving  a  problem  which  all  of  us  have  stumbled  over 
since  the  introduction  of  direct-acting  steam-pumps.  We  have 
all  recognized  the  value  of  direct-acting  pumps  in  many  ways,  as 
has  been  fully  shown  by  the  fact  that  they  are  so  largely  used 
in  this  country,  and  so  largely  used  abroad.  But,  as  I  have  said, 
we  have  always  conceded  that  they  are  an  expensive  pump  to 
run,  so  far  as  the  use  of  steam  is  concerned,  and  there  has  been 
great  difficulty  in  devising  plans  by  which  that  expense  might  be 
decreased,  so  as  to  add  increased  value  to  that  character  of  pump- 
ing machinery.  * 

I  am  very  glad  to  hear  the  matter  spoken  of  by  Mr.  Suplee, 
in  regard  to  the  device  which  "Watt  had  thought  over  and 
planned  out.  I  never  heard  of  it  before,  and  he  has  himself 
explained  that  it  is  not  just  like  this.  But  that  James  Watt, 
whom  we  all  look  up  to  as  the  father  of  the  steam  engine,  among 
all  the  many  and  various  things  which  he  thought  of,  and  which 
he  worked  out,  and  which  he  did  the  best  he  could  to  perfect, 
had  this  in  mind,  gives  me  a  still  greater  reverence  for  that  great 
man  whose  name  stands  at  the  head  of  our  profession,  and  to 
whom  we  all  look  up  with  respect. 

Mr.  Webb  spoke  of  other  devices  for  storing  up  power.  He 
wants  to  know  if  there  may  not  be  still  others.  If  he  can  tell 
me  what  mechanical  engineers  will  not  do  some  day  or  other,  I 
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will  tell  liim  wliat  may  be  doue  in  this  respect ;  that  some  other 
Mj  may  be  derised,  I  doubt  not.  The  world  is  open  for  tlie 
beet  tbonghts  and  the  best  intellects,  and  engineers  are  the  peo- 
plo  to  whom  it  looks  in  order  to  bring  both  out ;  and,  while  I 
(tnnol  see  what  is  in  the  future,  I  am  yuite  sure  that  this  is  one 
rftbe  anbjects  which  will  commend  itself  to  the  study  and  inves- 
ligitian  of  all. 

The  remarks  by  Professor  Denton  and  by  Professor  Thurston 
m  of  great  value,  because  they  have  both  studied  the  matter 
more  fully  than  the  ordinary  engineer  does,  and  because  it  is  a 
matter  of  intere&t  to  persons  in  their  especialline,  as  well  aaitis 
"ith  those  who  have  occasion  to  use  pumps.  Professor  Thurs- 
toD  saw  the  engine  running  in  Paris,  about  which  I  should  be 
verj  glad  to  give  you  a  history  if  there  was  time.  There  are 
otkr  points  as  to  the  methods  in  which  the  engines  are 
oonstnicted,  which  I  know  would  be  of  very  great  interest,  and 
I  will  only  say  that  if  the  gentlemen  who  built  and  invented  the 
pump,  and  who  have  sat  up  at  night  thinking  about  it,  would 
only  consent  to  put  on  record  a  portion,  at  least,  of  what  they 
blow  about  it,  the  American  Society  of  Mechanical  Engineers 
iroiild  he  very  much  interested  in  reading  it,  and  would  be  very 
mnch  indebted  to  them  for  it. 
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STREET  CAR  GEAR  FOR  MODERy  SPEEDS— THE  COM- 

mo  SELF-PROPELLED  CAR. 

BY  9.  J.  XCFARBEN,  1ICKEE8PORT,  PA. 

(AifCiociatc  Member  of  the  Society.) 

Students  of  current  industries,  familiar  with  the  beginnings 
of  invention  and  enterprise,  as  well  as  with  their  business  con- 
trol imd  direction,  lack  faith  in  some  of  the  popular  super- 
stitions. 

Tbey  often  meet,  for  instance,  the  manufacturer  who  is  too  busy 
in  the  details  of  his  business  to  learn  lis  principles — who  has  not 
time  to  read  technical  journals,  or  reports  of  society  proceedings 
and  experiments  in  his  specialty.  "While  perhaps  specifically 
intelligent,  he  is  in  a  general  sense  ignorant,  and  is  the  veriest 
slave  to  the  moss-grown  usage  of  his  business,  instead  of  holding 
the  princely  control  and  leadership  thereof  with  which  the  repor- 
torial  obituaries  will  endow  him. 

This  case  is  even  more  frequent  in  the  mechanical  management 
of  some  of  our  greatest  concerns  and  industries  than  in  that  of 
their  commercial  and  social  or  labor  departments.  The  descend- 
ants of  the  youth  who  carried  the  grist  to  mill  in  one  end  of  the 
bag,  balanced  by  a  stone  in  the  other  end, — "because  Grand- 
sire  did  so  " — have  increased  to  the  point  of  overflowing  from 
theology,  law,  and  medicine  into  mechanics,  with  special  ten- 
dency to  railroading  in  some  form.  The  most  frequent  expres- 
sion of  the  master  mechanic  of  one  of  our  great  transcontinental 
railroads,  during  a  visit  of  inspection  by  the  writer  some  years 
ago,  was,  "  We  adopted  that  device  in  the  airly  days,  sorr,  and 
we've  nivver  changed  it ! '' 

A  like  slavish  adherence  to  precedent  and  deference  to  reputa- 
tion seem  to  be  co-operating  with  the  ignorance  too  common 
among  inventors  and  company  officials — and  perhaps  with  the 
natural  conservatism  of  manufacturers, — to  produce  some  street 
railway  practice  curiously  similar,  and  causelessly  parallel,  to  that 
of  the  larger  railroads,  in  which  the  parallel  rods  and  counter  bal- 
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aicesof  the  modem  locomotive  embody  the  ideal  of  meoliauism. 
One  of  our  leading  electrical  companiea  recently  had  for  a  motto, 
"So  inventors  need  apply";  and  an  employee's  siigge&tion  for 
inrach  needed  improvemeiit  was  rewarded  by  a  sarcastic  rebuke 
mi  threat  of  discharge. 

Daring  the  writer's  residence  in  on  interior  Mexican  State 
apitiil  of  some  thirty  thousand  inhabitants,  a  native  street  rail- 
Wfonjiiany  was  orgiinizt'd  and  road  built  (3-ft.  gauge).  The 
ws  came  by  wagon  from  the  rnilroad  station  nearly  two  hundred 
mileii  ilistant,  at  a  total  cost  for  freight  of  tibout  five  cents  per 
pimtid.  They  bore  the  mark  of  perhjips  the  best-known  maker  iu 
iIb  world,  whose  reputation  seemed  to  have  made  unnecessary 
ittcbold  formalities  as  shop  inspection  before  shipment.  They 
W  apparently  been  hastily  altered  from  a  wider  gauge  by  the 

)  means  of  pressing  the  wheels  closer  together  on  the  asles, 

rioi^  were  of  the  "cold  rolled"  type,  without  moving  in  the 
wtkat  journal  boxef.  This  method  left  some  ten  inches  clear 
■il«  ontsidr  of  wheel  hub  at  each  end  and  between  that  support. 
nid  the  bearing  which  was  to  carry  the  load — say  three  or  four 
times  in  excess  of  good  practice!  The  writer's  suggestion,  to  out 
'  off  the  axles  and  move  the  sills  ami  journals  in  to  correspond  with 
'  til (^  nnrrow  gauge,  wiis  met  with  a  eliikl-like  trust  in  tlie  mnnufac- 
toring  "  house  "  and  the  fear  of  leese?iing  the  atajnliiy  of  the  cars 
by  thus  narrowing  their  support!  The  (Mexican)  foreman  went 
so  far  as  to  say  that  he  had  himself  seen  a  railroad  (.Mexican 
Cenlral)  whose  entire  equipment  was  of  this  identical  construc- 

tiOD. 

I  Qccd  scarcely  add  that  those  axles  "  cranked  "  to  a  permanent 
set  on  the  first  ensuing  holiday  or  that  a  sorry  lot  of  wheeled 
imitations  of  crippled  cattle  are  to  this  day  sustaining  the  reputa- 
tion of  the  "  house  "  in  that  vicinity. 

The  science  of  the  Mexican  foreman  is  equalled  in  the  recent 
advertisement  in  a  great  technical  journal,  descriptive  of  a 
device  for  adding  to  the  longitudinal  stability  (decreasing  the 
"rocking  motion  ")  of  a  street  car  without  increasing  its  "  wheel 
base"  or  distance  between  axles,  which  plan  is  mentioned  only 
to  be  avoided  by  the  genius  of  this  inventor  as  impracticable!  A 
brief  inspection  of  the  simplest  diagram  of  the  "  angle  of  stabil- 
ity "  would  evidently  be  a  revelation  to  this  expert ;  and  in  view 
ot  their  respective  opportunities,  the  Mexican  seems  the  best 
informed.     Since  the  angle  of  stability  must  have  for  its  apex  the 
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centre  of  gi'avity  of  the  load,  and  for  its  base  the  distance  betn-ee&'l 
the  ■wheel  contacts  which  furnish  tlie  ultituate  supports  of  thaiH 
load,  it  is  not  an  exhunatiug  effort  of  the  intellect  to  perceive  that 
all  devices  which  fail  to  lower  the  center  of  gravity  or  increase 
the  distance  between  wheel  contacts  (laterally  or  longituilinaDy, 
as  the  case  may  be)  are  useless. 

The  present  increase  in  street  railway  construction  has  greatl 
increased  the  percentage  of  uninformed  buyers,  and  made  a  hai 
vest  for  all  and  every  class  of  builders  of  street  cars,  who  haVi 
with  one  accord  exhausted  their  resources  upon  the  car  hiidl^ 
which  are  "  seen  of  all  men."  Tlma  we  find  that  the  two  benj 
out  of  three  leading  street  car  geara  are  made  by  conceroa  whichil 
do  not  build  carii.  Now  the  gear  if  the  car.^as  the  legs  and  fed 
are  the  horse  ;  and  its  neglect  by  manufacturers  is  emphasized  by  ' 
the  severe  requirements  of  modern  speeds  and  mileage, — doubling 
and  trebling  former  practice  as  they  do, — a  daily  mileage  per  car 
of  one  hundred  and  fifty  miles  and  more,  at  a  rate  of  ten  to  fif- 
,teen  miles  per  hour  being  already  common. 

These  points  are  especially  marked  in  electric  railway  serviofkl 
where  variations  in  speed  are  not  only  excesssive  compared  wiil)# 
horses  or  cable,  but  the  problem  is  often  that  of  edf-proptdgion^ 
The  rigidity  of  old  gear  constructions,  for  instance,  is  almost  pro«l 
hibitory  of  "self  propulsion."     Those  managers  of  electric  "sys- 
tems" whose  worship  of  the  subtle  fluid  did  not  entirely  dwarf 
their  estimate  of  the  mechanical  problems  involved,  have  attained 
their  brightest  success  by  discriminating  adaptation  of  devices  | 
long  tried  and  proven  on  the  larger  railroads,  and  it  is  in  thnd^ 
direction  that  we  look  for  future  progress. 

Though  not  in  the  scope  of  this  paper,  the  permanent  way  is  s 
closely  related  to  the  rolUrig  stock  that  iraproveiuent  in  the  laeAi 
presupposes  change  in  the  first ;  and  it  is  noted  in  passing  thai  ' 
general  recognition  is  already  given  by  equipping  companies  and 
their  patrons  to  the  need  of  heavier  raila,  of  etififer  section,  better 
al^ument  and  surface,  etc.,  also  that  the  beat  practice  dictates 
grooved  rails  on  all  curves  and  the  elevation  of  the  outer  rail 
wherever  allowed  by  grade  of  street.  The  utility  of  the  last,  for 
street-car  speeds,  was  gravely  questioned  by  a  conservative  engin- 
eer of  an  electrical  company,  but  he  has  been  unable  to  obtain 
finy  suspension  of  the  forces  of  gravitation  and  momeutnm  in  sup- 
port of  his  objection,  or  his  derailed  ears. 

With  a  fit  road-bed,  the  remedy  for  moat  of  the  discomforts  doa  _ 


"a^ing  or  "  wag,"  on  leaving  or  entering  curves,  disappeat 
•^iLer  if  the  gear  is  of  the  suspension  or  other  flexible  type, 
ffithont  desire  to  provoke  discussion  from  any  one  who  holds  to 
we  impracticability  of  this  plan,  I  note  that  for  cars  longer  than 
•0  feet,  probably  the  best  way  to  reach  this  end  ia  that  already 
•dopled  by  some  cable  and  electric  roads,  of  using  two  four- 
*b«el  piloted  trncfes  under  each  end  of  the  car,  a  close  imita- 
Hon  of  railroad  practice.  For  short  cars  np  to  18  feet,  how- 
•Ter,  two  axles  and  tour  wheels  will  continue  to  be  the  maximum, 
■nd  it  13  to  this  class  which  we  are  here  limited.  By  the  adnpta- 
non  of  tiie  suspension  or  other  systems  long  "  standard  "  in  raii- 
Kid  service,  the  wheel  base  of  ordinary  four-wheeled  street  cars 
BisT readily  be  increased  .50  or  60  percent,  over  present  practice, 
mill  &I1  the  corresponding  good  results  and  without  encountering 
«Hn  the  smallest  dragon  of  "  impracticability  "  so  much  dreaded. 
•  Hot  only  so,  but  traction  on  curves  can  tlins  be  lightened  instead  of 
increased,  so  great  is  the  resistance  of  the  rectangular  rigidity  of 
old  sl_Tle  gear.  It  is  a  fact  that  cars  of  9  feet  wheel  baae  have 
Iwn  running  successfully  for  10  years  on  both  horse  and  cable 
roada,  on  curves  as  sharp  as  35  feet  radius,  and  with  unap- 
proached  economy  of  power  and  luhrieaut,  and  unexcelled  com- 
fort and  ease  of  ridiug,  Tlie  writer  knows  of  one  case  where 
ncfitmckB  (four  wheeled)  are  carrying  30  feet  cars  through  cui'ves 
of  45  feet  radius,  but  considers  this  an  evident  case  for  8 
wheels,  as  it  is  safe  to  say  that  no  car  can  ride  easily  witli  two  or 
ttree  times  as  much  of  its  load  and  length  outside  of,  as  that 
idtceeti  wheel  supports.  Indeed  he  would  make  the  rule  that  at 
least  as  much  of  the  car  length  must  be  between  as  that  outride 
of  sdpporls,  i.e.,  only  one-fourth  of  the  entire  length  must  be 
^oved  to  project  at  each  cud  over  and  past  the  axles.  Thus  a 
better  distribution  of  load  on  bearings  would  be  secured,  and 
Bother  axle  would  have  the  whole  load  to  carry,  with  risk  of 
breaking  springs  or  wheels.  A  glance  at  the  Thielsen  or  other 
nupension  trucks  of  the  ordinary  passenger  coach  and  many 
freight  lines  will  show  how  much  the  suspension  principle  of 
constmction   must  reduce  flange  wear   and   resistance.      Other 
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methods  for  Becuring  flexibility  are  not  wantiug,  but  present  lio] 
its  do  not  permit  description  of  them. 

"With  suflicieDtly  flexible  gear  nnd  independent  wlieels  it  j 
believed  tbat  present  wheel  base  practice  (6  feet  maximum)  oai 
be  more  than  doubled  and  liifhter  draft  on  curves  secured,  Indtj 
pendent  wheels  need  not  be  of  the  "loose"  type,  come 
minus,  etc.,  but  may  entirely  avoid  the  many  faults  of  that  con 
stmction.  There  are  many  practicable  forms  of  them  wLiaij 
have  stood  severe  testa  in  railroad  service,  and  only  failed  ( 
introduction  by  reason  of  devotion  to  standards  and  precedent 
and  the  exigeucies  of  the  "car-exchange"  system  and  ' 
other  limitations  from  which  street  car  service  is  and  should  1 
free. 

More  powerful  brakes  are  necessary  for  the  heavier  and  fastd 
ruiming  cars  of  the  power  systems.  The  efficiency  of  tlie  trac 
brake  has  beeu  demonstrated  for  years  on  the  Pacific  Coast,  ail^ 
only  an  attempt  to  dodge  the  patent  office,  by  nse  of  wooded 
instead  of  iron  shoes,  has  delayed  their  adoption  here.  Win 
them  the  greatest  economy  of  wheels  is  secured.  They  sLoii^ 
be  applied  by  power,  however.  This  is  accomplished  in  a  AVed 
ern  electric  system  by  the  use  of  compressed  air  maintained  1 
a  pump  geared  to  the  axles.  The  car  momentum  may  be  cow 
venieutly  used  for  the  pame  purpose. 

From  even  this  supei-flcial  consideration  of  the  subject,  its 
extent  and  importance  are  apparent  with  the  (act  tbat  there  are 
many  good  points  in  the  application  of  power  to  street  car  proj 
pulsion  which  are  omitted  in  each  of  the  systems  now  before  I 
public.  An  eclectic  system,  chosen  and  adapted  from  these  o 
railroad  practice,  would,  if  praeticaltle  under  preseut  couimercild 
and  legnl  conditions,  probably  cover  the  ground  better, 
modern  system,  for  instance,  which  is  confessedly  imperfect  in'' 
many  points,  excels  all  otiiers  I  have  seen  in  one  particular — that 
of  attachment  to  axles.  This  is  ou  the  dififerential  jirinciple,  and 
admits  not  only  of  several  changes  in  relative  speed  and  "pur- 
chase "  between  motor  and  axles,  but  of  entire  disc  on  n  fiction  01k 
down  grades  to  rest  the  motor.  A  friction  gear  was  used,  so  a 
to  give  the  desired  changes  by  the  movement  of  the  operatingJ 
lever. 

'  The  comiug  street  car  will  probably  comprise  flexible  gen 
with  long  wheel  base,  independent  wheels  on  (preferably)  tabs- 
lar  axles  aud  power  track  brakes.     lis  motors  will  be  differei 
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llr  connected-  It  will  not  only  excel  old  practice  in  ease  of 
riding  and  comfort,  but  will  double  the  preseut  life  of  wheels,  with 
pvat  (tcntioiny  in  track,  truck  and  motor  repairs,  as  well  as  in 
fotrer,  lubricant,  etc.  This  aud  more,  at  schedule  speeds  oi  ten 
to  twenty  miles  per  hour  and  without  siicriflce  of  sufety,  is  now 
inrigU.  The  public  taste  aud  demand  will  become  more  exact- 
isgttii  Ihe  horse  car  recedes  from  view,  and  managers  will  more 
ud  more  appreciute  the  fact  tliat  only  the  best  is  cheap  when 
UddiDg  for  the  good-will  and  patronfigc  nf  intelligent  people. 


Uf.  IK  S.  Roge.n. — -I  feel  as  tlioii<rh  I  would  like  to  make  an 
»|b1(^  oil  behalf  of  builders  of  street  cars,  although  I  am  not  in 
»v  war  connected  with  thein,  or  oveu  acquainted  with  them.  The 
wiW  states  that  they  "  put  everything  on  the  car  body,"  and  in 
U«  prewut  confusion  esisting  among  electric  companies,  I  do 
Dutiromlor  at  it     The  maker  of  axles  does  not  know  just  what 
to  make  for  them.     When  he  gets  an  order,  it  is  general.     The 
Oitor  of  the  car  body  does  not  kuow  what  to  do.     It  is  not  like 
ibii2<iiiig  the  standard  trunk-line  oars,  where  the  car  is  bailt 
wmjilete  and  shipped  to  the  road.     So  I  think  the  street  car 
lwJiien>  tlieciselv-es  should  be  very  leuieui^ly  dealt  with  iu  a.  case 
of  this  kind,  ontil  the  electric  companies  find  out,  at  last,  what 
tiiey  want  and  what  they  intend  to  do.     At  present  it  looks  to 
me  as  though  the  main  thing  the  electric  companies  are  doing 
is  to  eat  each  other  up,  and  to  prevent  e^ch  other  from  getting 
any  good  improvement  and  using  it     I  think,  after  they  have  got 
through  with  that,  that  we  will  have  good  street  car  construc- 
tion all  the  way  throagh. 
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GRAPHICAL    ANALYSIS    OF   RECIPROCATING 

MOTIONS. 

BT  OBERLIN  SMITH,  BRIDOETON,  N.  J. 

(Member  of  the  Society.) 

The  object  of  this  paper  is  to  call  the  attention  of  engineers  to 
a  graphical  method  of  representing  all  reciprocating  motions  in 
macluDes,  which  have  such  relations  to  each  other  that  they  must 
perform  certain  portions  of  their  journeys  in  given  times.  It  may 
also  be  used  to  represent  rotary  motions ;  especially  is  this  desir- 
able if  there  be  intermittent  or  variable  velocities.  I  have  else- 
where (see  ** Machinery  Designing"  in  "Mechanics"  for  April 
15,  1^86,)  described  this  system  in  much  fuller  detail  than  I  will 
take  the  time  for  here.  It  is  a  method  which  may  be,  and  pro- 
bably is,  in  use  by  many  others  beside  myself ;  but  I  infer  that  it 
is  not  very  generally  known,  from  the  fact  that  I  have  never  seen  a 
description  of  it  in  print  nor  known  of  its  use  by  any  of  my  friends. 
It  is  of  the  simplest  possible  deeciiption,  being  nothing  more  than 
the  plotting  of  charts,  such  as  are  used  to  show  pressures  and 
temperatures  in  steam  engineering,  or  the  relative  values  of  grain 
and  tallow,  of  dividends  and  expenses,  or  of  the  heights  of  moun- 
tains, and  populations  of  cities,  during  various  successive  periods 
of  time,  in  commercial  and  geographical  engineering. 

This  system  I  have  used  for  several  years  in  my  own  practice, 
and  would  as  soon  think  of  getting  along  without  it  as  I  would 
without  a  clock  or  an  almanac,  or,  as  regards  the  machines  treated 
of,  as  I  would  without  the  scale  drawing  showing  the  shapes  and 
sizes  of  their  various  members.  It  consists  simply  in  drawing 
straight  or  curved  lines,  or  a  combination  of  both,  which  repre- 
sent the  successive  positions  of  any  given  points  in  a  moving 
member  of  a  machine.  These  "  time-lines  "  have  a  general  course 
from  left  to  right,  starting  at  a  zero  point  representing  a  point  of 
time  which  is  the  beginning  of  one  cycle  of  the  machine  in  ques- 
tion. This  is  preferably  the  "  stopped "  position  in  machines 
which  stop  at  definite  intervals,  like  power  presses,  etc.,  but  may 
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be  at  any  convenient  point  in  continnonslj'  running  machines. 
The  whole  apace  ou  the  chart  to  the  right  of  a  vertical  zero  hne 
represents  titiie,  and  is  divided  by  faint  vertical  lines  into  uniform 
^>ace3,  representin;^,  of  conrae,  equal  periods  of  time.  Tiiese 
migln  be  minutes,  seconds,  or  any  other  known  periods,  but,  prac- 
Itc&lly,  it  is  more  cuDveiiieiit  to  let  them  represent  a  given  nomber 
ol  degrees  of  revolution  of  the  muin  shaft  of  the  macliine,  or  of  an 
inaginarf  shaft  wliich  would  revolve  once  in  oue  cycle  of  time. 
The  vertical  lines  are  therefore  designated  liy  degree  numbers  run- 
ning from  0  to  360,  their  distance  apart  usually  being  either  5  or 
10  degrees. 

All  vertical  distances  from  a  horizontal  base  liue,  produced 
hoiizoDUlly  from  the  point  where  the  time-liue  Btart."!,  represent 
«tuM  liixtances  of  motion  of  the  "  timing  point,"  as  I  will  term  it, 
whose  mutiona  we  are  analyzing  as  representiug  the  motion  of  the 
macljme  member  in  question.  These  are,  of  course,  the  ordinatea 
oltbe  time  line,  and  are  sometimes  above  and  sometimes  below 
tke  base  line,  aa  the  ease  may  be.  They  may  be  drawn  to  any 
eonvcuiciit  vertical  aoale,  but  it  is  preferable  to  make  them  of  a 
•cttle  of },  that  is,  to  let  them  represent  the  actual  scale  of  the 
I  tbtuce  moved.  This  distance  is  usnally  counted  in  the  path  of 
tlie  timing-point,  although  sometimes,  where  such  path  is  a  curved 
one,  it  is  more  convenient  to  give  the  time  in  an  imaginary  straight 
path  represented  by  the  chord  of  its  arc,  or  in  an  "  altitude  "  line 
not  following  this  chord.  The  timing-point  is  an  assumed  point 
»liicL  can  obviously  be  located  anywhere  in  a  member  that  slides 
in  a  straight  line,  but  which  in  oscillatiug  or  rotating  members 
mut  he  at  some  known  and  convenient  distance  from  the  axis  of 
notion. 

The  horizontal  scale  of  these  charts  may,  of  course,  be  of  any 
pn^rtiori  desired.  In  my  own  practice  it  usually  varies  from  6"  to 
13" to  represent  360  degrees.  9"  being  the  most  common  distance, 
Bi  which  case  each  J"  counts  for  10  degrees.  I  usually  make  them 
on  the  same  cross-ruled  paper  which  is  used  in  my  oflBce  for  all 
Kale  drawings.  This  is  graduated  iu  faint  red  lines  1"  apart  each 
*ay,  and  still  fiiinter  lines  every  J".  Usually  do  special  ruling  is 
Mceseaiy ;  ■?.  5".,  if  9"  is  used  as  the  horizontal  scale,  each  J"  of 
'onrse  represents  5  degi'ees,  and  the  vertical  lines  running  all  the 
'sydown  the  chart  enable  the  times  of  various  points  iu  the 
time-lines  to  be  readily  compared.  The  horizontal  reil  lines  serve 
to  show  vertical  distances,  and  one  of  the  heavier  ones  is  selected 
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for  the  base  line  of  each  time-line,  tlie  respective  ones  used  bei 
placed  at  convenient  distances  apart,  iu  whole  inches,  to  all 
for  the  lengtli  of  ordinates  necessary,  so  that  the  time-lines  ^ 
not  intersect  each  other. 

In  general,  it  is  well  to  use  a  scale  which  makes  the  time-lii 
approximate  the  average  circumference  of  the  majority  of 
cams  used  in  a  machine.  The  angle  then  made  with  a  verti 
line  by  the  steepest  portion  of  a  time-line  shows  how  steep 
cam  will  have  to  be  in  certain  places,  where  it  has  to  do 
worst  "  up-hill  "  work,  that  is  at  what  angle  its  periphery  will 
with  a  radial  line  at  that  point.  This,  as  is  well  known,  she 
not  usually  be  much  less  than  45  degrees — as  a  roller  or  other  i 
face  pushed  by  a  cam  will  not  smoothly  mount  a  steeper  incl 
without  undue  pressure  upon  journals,  fulcrums,  etc.  In  laj 
out  cams  to  drive  rollers,  the  path  of  the  roller  axis  should  be  c 
sidered  as  the  theoretical  cam  periphery,  rather  than  the  aci 
surface  of  the  cam  itself,  which  may  in  some  cases  have  stee 
slopes  than  above  mentioned. 

The  name  of  the  member  whose  motion  is  to  be  represente 
usually  written  on  the  left-hand  margin  of  the  chart,  and  vari 
memoranda  are  inserted  at  different  points  along  the  time-lin< 
show  the  functions  of  the  different  parts  of  the  motion  shown 
the  respective  portions  of  the  line  which  have  different  directs 

Any  horizontal  part  of  a  time-line  of  course  represent 
"  dwell "  or  absolute  stoppage  of  the  timing  point  in  quest] 
per  contra^  a  vertical  portion  of  a  time-line  would  represent  : 
nite  speed,  and  therefore,  of  course,  never  occurs.  A  'diagc 
portion  of  the  line  obviously  represents  uniform  velocity. 

Appended  below  are  three  diagrams,  which  are  reduced 
similes  of  three  working  charts  picked  up  at  random  from  a  n 
ber  which  I  had  on  hand,  and  which  had  accomplished  their 
work  with    perfect   success  in  enabling   certain  newly  inver 
automatic  machines  to  start  off  successfuUv  as  soon  as  erec 
without  all  the  chipping,  filing,  patching,  and  revolving  of  cfi 
up(m  their  shafts,  which  is  so  frequently  practiced  in  work  of 
character. 

Fig.  31  belongs  to  a  machine  for  compressing  medicinal  tab! 
where  onlj^  three  principal  motions  were  required.     The  time- 
a  represents  a  cam  motion.     In  h  is  shown  the  characteristic 
of  a  crank  motion.     In  c  and  c?'  is  shown  a  cam  motion  ag 
which  in  this  case  was  made  variable  in  amplitude  by  the  in 
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la  of  a  lever  with  a  variable  radius,  ori-anged  by  a  pin  acljast- 

a  &  tee-slot,  etc.,  to  be  from  nothing  upward.  The  line  a 
f  nptsents  one  extreme  where  the  motioa  was  reduced  to  ?iU,  and 
ddirs  it  wheQ  at  itfi  niasimum,  there  being  any  number  of 
atbtfltingtlis  of  stroke  between. 
Fig.  -'i2  belongs  to  a  tin-scrap-nail  machine,  The  time-tines  (/, 
\f,  Mil  J  depend  upon  cams,  while  k  has  a  crank  motion.  The 
iiM  i  belongs  to  a  member  driven  by  "  h  "  tlirough  the  interven- 
tion of  h  spring  which  yields  when  "?'"  comes  against  a  stationary 
"stop,"  tlius  giving  the  dwell  shown  by  the  horizontal  line  near  the 
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I'm!  of  its  rrcle.  The  dotted  lino  below  rcprt'sents  the  motion  it 
voald  have  made  if  it  could.  In  time-line^  is  shown  a  dotted 
fine  representing  the  position  that  the  main  line  would  assume 
nnder  certain  conditions  arising  when  abnormally  thick  metal  was 
accidentally  put  into  the  machine,  the  shortening  of  stroke  being 
dne  to  elasticity  allowed  certain  levera,  to  guard  against  breaking. 
In  time-line  d  the  dotted  line  is  a  "wear-line,"  assumed  as  repre- 
senting the  probable  time  of  the  machine  after  a  given  number  of 
years'  wear  upon  the  cams,  rollers,  etc. 

Fig.  ^3  is  tlie  chart  of  a  special  machine  for  automatically  mak- 
ing electric-wire-cleats.  The  time-lines _y,  k,  I  are  similar,  because 
the  members  concerned  are  all  attached  together,  while  the  mem- 
ber for  m  is  elastically  driven  against  a  stop,  as  previously  men- 
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Fig.  32. 


tionod  regarding  ?,  Fig  32.     At  n  is  shown  the  cam  motion 
member  which  would  be  timed  as  in  the  dotted  line  (like^) 
were  not  gripped  and  held   by  a  device  attached  to  a  mei 
moving  as  at  r>,  etc.      The  lines  o  and  (j  show  cam  motions,  v 
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;p  is,  like  o,  but  modified  by  a  '*  stop."  At  r  is  shown  a  line  \ 
unlike  all  the  rest,  does  not  return  to  the  base  line.  This 
sents  the  motion  given  to  a  strip  of  material  while  pj 
through  ratchet-driven  feed-rolls;  also,  of  course,  the  peri 
motion  of  the  rolls  themselves.  In  this  case  such  a  strip  i 
to  the  right  a  given  distance  and  was  then  cut  off,  without  r 
ing  to  the  left.  At  the  next  cycle  of  the  machine  this  motic 
repeated,  and  so  on  ad  infinitxiw.  Such  lines  wo\ild  obv 
occur  in  the  charts  of  all  machines  thus  intermittently  fee 
continuous  direction  ;  as  the  rod  in  a  rivet  machine,  the  thr< 
a  sewing  machine,  etc. 

The  charts  shown  are  not  entirely  systematic,  as  thej 
made  by  different  draughtsmen  at  different  times,  and  are 
only  as  actual  specimens  of  practicol  work.  I  intend  in  fut 
systematize  them  properlj",  practising  more  uniformity  in  i 
to  the  memoranda  of  directions  and  functions.  It  is  int 
also  that  the  "  wear-lines  "  should  be  inserted  wherever  sucl 
as  will  occur  in  a  reasonable  lengtli  of  time,  say  ten  year 
injuriously  affect  the  action  of  the  machine.  Thus,  in  ana 
and  comparing  the  motions  of  the  various  members,  the  or 
time-lines  and  their  successors,  the  wear-lines,  would  both  b< 
sidered  in  making  each  motion  have  a  proper  relation  i 
others. 

The  merits  of  this  system  no  one  who  has  tried  it  will 
moment  dispute.     It  permits  a  cam  to  be  laid  out  with  ab 
accuracy,  basing  its  various  radii  upon  the  respective  ord: 
of  the  time-line  pertaining  to  it,  and  also  shows  the  nec< 
proportions  for  a  wedge,  lever,  toggle,  etc.,  which  may  be  a 
in  producing  the  motion  required.     It   also   aids  in   obti 
smoothness  of  motion  with  consequent  quiet  running  and 
bility,  by  the  facility  with  which  too   sudden  starts  and 
become  plainly  visible  to  the  eye.     Sharp  angles  in  the  time 
of  course,  represent  jerkiness  of  motion,  with  noise  and 
wear,  while  smoothly  rounded  curves  show  the  opposite. 

This  brief  description  is  presented  in  the  hope  that  it  m 
the  means  of  bringing  more  generally  into  use  among  Mec 
cal  Engineers  this  obvious  and  simple  system,  one  witha 
principles  of  which  are  already  practised  in  analyzing  cy! 
pressures,  as  well  as  in  showing  the  state  of  the  pork  markei 
the  growth  of  the  population  of  China.  No  copyright  has 
applied  for. 
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J/c  Chit^,  E.  Emery.^Onr  author  ban  a  very  happy  way,  now 
*«t*i  tliea,  of  stating  in  a  paper  the  results  of  his  flhoji  practice. 
I   hiiTe  always  feit  grateful  to  him  for  bis  paper  showing  the 
prtnciplea  involved  in  drawing,  fi'om  plates,  vessels  of  difi'ereiit 
aliBpea.     Tlie  method  referred  to  herein  is  also  described  in  a 
■Wert  interesting  manner,  but  I  must  submit  that  the  method, 
"Uioiigli  well  adapted,  perhaps,  for  a  particular  shop  practice, 
(Vk«  nut  show  the  proper  way  to  plot  cams  for  regular  use 
Tlie  lAuiJt  operate  on  a  system  of  polar  co-ordinatea  ;  tlierefore, 
*hv  not  lay  tbem  out  as  such,  and  not  on  a  rectangular  co- 
oniiiiate  system.   The  paper  mentions  tliat  an  angle  of  45  degi-ees 
L'ttlwiitthe  maximum  proper  for  a  roller  running  on  a  cam.  but, 
eTideiitly,  if  a  certain  amount  of  radial  movement  be  attained 
tiuougli  n  certain  number  of  degrees  of  arc  with  an  angle  of  45 
ilepees,  where  a  cam  is  of  lar^e  radius,  the   same  movement 
timtigb  the  same  are  will  require  a  much  steeper  angle  where 
the  cttm  is  of  smaller  radius.      Frequently,   also,   the  desired 
moTemeiit  cannot  be  olitained  in  a  given  arc  with  size  of  cam 
nioinied,  uot  ouly  he^^UlUlio  the  uuglob  HfG  too  steep,  bat  because 
a  re-entrant  curve  comes  out  of  less  radius  than  that  of  the 
roller.    The  natural  way  of  laying  down  a  cam  is  on  the  draw- 
ing of  the  cam  itself,  and  if  other  cams  are  to  keep  time  with  it, 
they  can  be  preliminarily  laid  down  over  it,  and  then  transferred 
tf  other  sheets.     An  accurate  rectilinear  motion  derived  from  a 
crank  is  represented  simply  by  a  circle,  as  in  the  Zeuner  system 
of  showing  valve  motions,  and  the  distortions  due  to  short  con- 
necting rods,  toggles,  etc.,  can  be  made  to  modify  this  circle,  as 
»ell  as  the  particular  curve  shown  on  the  rectangular  system. 

ilr.  Geo.  if.  Bond. — I  should  like  to  say  that  the  practice  of 
tue  company  with  which  I  am  connected,  in  cutting  cams,  is  to 
MTe  the  cutter  travel  practically  in  the  same  path  as  does  the 
roll  which  is  to  work  with  the  cam,  and  in  this  way  to  get  the 
'elation  of  the  working  surfaces  as  nearly  the  same  as  possible 
in  the  making  as  in  action. 

These  "paradigms  of  motion"  have  been  successfully  applied 
'I  the  design  and  execution  of  a  model  type-setting  machine  by 
we  Paige  Company,  in  which  both  the  timing  and  fitting  have 
Pfoved  equally  successful  by  the  application  of   this  method. 
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when  the  machine  was  assembled.     No  scraping  or  fitting  wi 
required  throughout  the  entire  series,  in  which  a  great 
and  variety  of  cam  motions  and  timing  is  involved. 

Mr.  Jesfie  Af.  Smith. — I  happen  to  be  working  on  a 
just  at  present,  which  involves  this  very  question.     I  find  that  1- 
want  to  make  a  cam  on  which  a  roller  shall  roll  properly  withou 
any  jar,  and  I  want  to  give  it  a  certain  size,  so  that  the  frictioi^ 
on  the  pin  about  which  the  roller  revolves  shall  be  as  smal^ 
as  possible,  and,  to  make  it  all  smooth  working,  I  also  wan 
the  centre  of  this  roller  to  follow  a  certain  line.     When  I  come 
to  give  the  centre  of  the  roller  a  certain  diameter,  which  is  the 
diameter  of  the  roller  itself,  I  find  that  in  certain  parts  of  the 
cam  the  roller  is  not  supported  at  all.     The  track   on  which 
the  roller  should  travel  is  entirely  cut  away,  and  it  is  neces- 
sary, as  Mr.  Emery  has  said,  to  lay  those  things  out  by  polar 
ordinates,  rather  than  by  rectangular  co-ordinates,  so  as  to  find 
out  just  exactly  that  point,  and  it  may  be  necessary  to  change 
the  entire  form  of  the  cam,  so  as  to  get  a  path  on  which  the  roller 
shall  travel. 

Mr.  F.  M.  Leavitt. — It  seems  to  me  that  we  are  mixing  up  two 
things  that  have  nothing  to  do  with  each  other.  I  have  had  to 
lay  out  a  good  many  cam-motions  myself,  and  have  fonnd  it 
advisable  first  to  determine  the  motions  which  it  is  necessary  to 
give  to  the  various  parts  of  the  machine  without  regard  to  the 
shape  of  cams  or  other  details  of  mechanism.  I  have  always  used 
this  method  of  Mr.  Smith's,  and  think  it  is  the  best  plan,  because 
you  can  better  study  the  relation  of  parts,  detect  interferences, 
and  all  that.  After  determining  these  points,  and  getting  the 
parts  of  your  machine  to  move  as  you  wish,  you  must  then  go 
to  work  and  lay  out  the  necessary  cams,*or  other  devices,  to  pro- 
duce these  motions,  which  is  quite  a  different  affair  from  the 
first.  It  is  simply  a  question  of  detail  of  construction,  and  has 
nothing  to  do  with  the  timing  of  the  machine. 

Mr.  H.  IV.  Spongier. — It  seems  there  is  only  one  thing  which 
the  author  means,  and  that  is  simply  what  the  last  speaker  says. 
He  has  no  idea  of  giving  you  any  means  of  laying  out  the  cams, 
but  simply  giving  you  the  proper  motion  at  the  proper  time. 
The  scheme  itself,  if  I  remember  rightly,  is,  to  a  certain  extent, 
outlined  in  a  book  that,  I  suppose,  now  is  considered  obsolete — 
"  Willis'  Elements  of  Machine  Designing."  A  fair  idea  of  the 
principle  can  be  got  from  that,  but,  of  course,  it  is  in  a  crude 
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s^ikjp.    Tbe  i]iiJerljiii|>  idea,  however,  ia  very  clearly  set  forth 
ia    il. 

J/r.  K  H.  Supltfe. — I  had  in  mind  the  name  writer  to  which 
3(1.^,  Spangle r  referB,  and  I  think  that  Professor  Willis  there 
*^^led  that  this  ideiv  was  first  struck  by  Mr.  Bablmge  iu  design- 
^*»^  hie  rery  complicated  calculating  machine,  and  that  he  found 
*-^  necwasary  to  plot  in  some  wiiy  the  various  motions  in  one 
^isgrara,  in  order  to  have  them  agree, 

Mr.  Otierlin  Smith. — It  is  very  evident  that  the  first  three  gen- 
^emen  who  spoke  have  not  studied  tlois  paper,  or,  if  they  have, 
ttoj  di)  not  comprehend  it  very  well.  Mr.  Leavitt,  however, 
»6eras  to  understand  perfectly  what  we  are  driving  at.  The 
paper  does  not  attempt  to  describe  the  process  of  laying  out 
iNims.  I  have  no  doubt  we  should  be  very  glad  to  hear,  some 
tinio,  ua  to  Sfr.  Emery's  methods,  which  probably  are  very  much 
bb  tliDKe  of>the  rest  of  us.  We,  of  course  (iu  my  own  draught- 
iugroom),  use  the  circular  method  in  Ifit/ing  oxt  cams,  and  find 
(ml  shether  a  certain  assumed  proportion  with  which  we  start 
*ill  answer.  Very  often,  as  another  gentleman  has  observed, 
tLe  uum  resolves  itself  into  ii#thing,  and  at  certain  points  we 
bve  to  uiake  it  larger  in  average  diameter  all  over ;  or  else  we 
fbaiige  the  slope  at  the  troublesome  jwtiit,  thus  getting  a  dif- 
feteut  time  of  motion,  in  order  to  make  it  a  practical  cam, 
localise  some  of  it  has  tried  to  disap]}ear.  Of  course  we  find 
sach  difficulties  when  we  come  to  lay  out  the  cams  themselves, 
tnt,  us  Mr.  Leavitt  aays,  when  we  begin  we  must  represent  the 
)7opo8ed  motions  somehow.  I  think  this  is  often  done  inside 
of  Bome  one's  head,  and  some  exceptional  men  can  thus  do  it. 
Il  is,  however,  something  like  playing  four  or  five  games  of 
chess  at  once,  blindfold.  Now,  this  chart  is  exactly  to  the 
motions  of  the  machine  iu  question  what  a  chess-board  is  to  a 
pme  of  chess.  Without  it,  the  majority  of  designers  must  go  a 
good  deal  by  the  rule  of  "  cut  and  try," 

The  system  described  is  a  practical  one,  and  has  long  been  in 
W  by  me  with  the  help  of  ordinary  draughtsmen.  We  do  not, 
moreover,  any  of  us  know  how  we  could  get  along  without  it, 
On  our  preliminary  chnrt  we  see  that  one  thing  does  not  inter- 
^m-  nifh  iLiintliiT  by  riHiniiif;  down  Ihi;  v.'rti.';ii  linos.  We  thus 
'tli  at  a  glance  where  a  certain  member  has  come  at  a  certain 
time,  and  whether  the  other  ones  will  dodge  it.  If  there  is  more 
tine  than  is  necesaary  at  one  point,  we  can  shorten  it  a  certain 
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amount  of  time,  and  lengthen  it  out  at  another  place.  And  i 
we  go  over  the  thing  until  we  get  a  set  of  motions  which  seei 
on  the  whole,  to  be  best.  It  is  usually  a  very  short  job,  to 
Then  the  next  thing  we  do  is  to  lay  out  the  cams  and  other  dri 
ing  devices  according  to  this  chart.  It  is  easily  done,  becau 
all  we  have  to  do  is  to  take  our  vertical  ordinates  from  the  cha] 
and  transfer  them  to  radial  ordinates  on  the  proposed  design,  ( 
rather,  the  "  roller-path  "  of  the  same,  as  Mr.  Emeiy  would  a 
pear  to  suggest. 

Referring  to  what  Mr.  Bond  said,  regarding  cutting  cams,  tl 
is  exactly  my  own  practice.     I  have  also  used  a  grinding  whe 
in  tlie  same  way  as  his  cutter,  to  finish  off  cams  which  had  to 
very  accurate,  keeping  the  grinding  wheel  of  exactly  the  sar 
diameter  as  the  future  roller. 

Mr.  Spangler  evidently  sees  the  thing  just  as  did  Mr.  Leavi 
with  a  correct  conception  of  what  it  means.  I  was«not  aware 
anything  of  this  kind  having  been  published  by  Willis  or  Ba 
bage.  Of  course,  I  shall  be  interested  in  looking  it  up,  but 
understand  from  one  of  the  speakers  that  they  did  not  work 
out  very  completely..  I  have-not  given  my  system  as  ne 
(although  original  witli  me),  but  simply  as  a  good,  practic 
method  of  working,  which  I  know  is  not  in  very  general  use. 
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METHODS  OF  EEDVCIXU  TUB  FIRE  LOSS. 


(Mcmljorof  (heSoctelj.) 

The  liubitit;  to  iDJury  by  fire  is  a  liazard  inlierent  to  all  l>iiiKl- 
(iia8.arid  ii  coustant  menace  wbioh  imposes  npon  the  owner  a 
pcreuttent  outlay,  wiiich  eudures  as  loug  as  the  building  stands. 

Jserei'y  mettiod  of  constmctiou,  the  various  meehiinical  pro- 
«ssis,8iid  the  stock  in  each  stage  ot  manufactnie  each  beiir  some 
nlHtJ.^n  to  t)A  fire  hazard  as  a  supporter  or  possible  origiiiator  of 
combnslioii,  the  engineer  whoso  duties  pertain  to  these  matters 
ffliBt  necessarily  consider  not  only  the  direct  application  of  those 
engineering  problems  required  in  the  design  and  installation  of 
^  apparatus,  but  also  the  queBtion  of  tlie  fire  hazard  in  the 
iBi[Mrtant  phase  of  prevention, 

Ihu  Jira  loss  is  a  iiioiit  o[)preasIvo  tax,  much  of  which  can  be 
abated  by  the  application  of  well  established  means  of  prevention. 
In  a  practical  sense  certain  fires  are  to  be  considered  as  unpre- 
sentable, being  caused  by  exposure  to  fires  in  other  buming 
bnildbgs,  and  tlierefore  entirely  beyond  the  control  of  the  injured 
psrtr.  Other  fires  proceed  from  causes  so  rare  thab  they  are  not 
aDtiripated,  and  in  any  event  it  might  not  be  feasible  to  prevent 
tbeit  occurrence. 

There  are,  however,  very  few  fires  whose  destructive  results 
might  not  have  been  prevented  by  the  exercise  of  precautions 
entirely  feasible  in  their  nature. 

These  several  topics  will  be  considered  in  reference  to  the 
redaction  of  the  fire  loss  on  isolated  manufacturing  property, 
Because  the  exercise  of  evei-y  possible  precaution  may  not  avail 
sntliiing  if  the  property  is  liable  to  be  imperilled  by  fires  origin- 
aliDg  in  adjacent  buildings. 

SlHTRTISIOS, 
Care  is  the  most  important  element  in  the  prevention  and  ex- 
tiognishment  of  fires.     Only  a  small  proportion  of  fires  is  the 
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result  of  a  direct  act  of  an  individual,  but  they  proceed  from 
natural  causes,  and  might  have  been  prevented  by  the  exercise 
of  due  precautions. 

An  experience  table  of  mill  fires  for  over  a  generation  shows 
that  the  largest  fires  have  not  reached  their  destructive  results 
through  the  absence  of  wliat  could  be  considered  adequate  appar- 
atus, but  by  the  lack  of  care  or  suitable  management  of  such  ap- 
paratus. 

The  prevention  of  fires  must  in  greater  measure  proceed  from 
the  efficiency  of  the  supervision  exercised.  This  must  include 
inspection  of  the  buildings,  heed  to  probable  causes  of  fire,  and 
attention  to  tlie  fire  apparatus. 

In  a  manufactory  there  is  a  wide  distinction  to  be  made  between 
to-day's  dirt  and  yesterday's  dirt,  meaning  by  the  first  the  rubbish 
necessarily  incident  to  manufacturing,  and  by  the  second  its 
neglect.  Nearly  every  kind  ot  bye-product  is  liable  to  sponta- 
neous ignitioD,  and  should  be  removed  to  a  place  of  safety  before 
night.  This  precaution  does  not  apply  merely  to  oily  waste,  but 
tt»  every  kind  of  waste  material,  even  including  iron  turnings, 
whose  oxidation  when  wet  is  a  frequent  cause  of  fire.  It  is  not 
safe  to  make  a  discrimination  in  regard  to  oily  waste,  because 
there  are  numerous  fires  starting  in  what  is  considered,  and  truly 
appears  to  be,  clean  waste.  The  best  waste  boxes  are  made  of 
galvanized  iron,  like  small  ash  cans,  except  that  they  are  provided 
with  short  legs,  so  as  to  stand  about  four  inches  above  the  floor. 
The  waste  cans,  after  being  emptied  at  night,  can  be  overturned 
in  the  middle  of  the  floor ;  any  infraction  of  this  rule  to  be  re- 
ported by  the  watchman. 

The  best  administration  of  an  establishment  does  not  appear  to 
be  that  w^hcre  the  manager  tries  to  do  everything,  so  much  as  it  is 
where  he  does  not  do  anything  that  some  one  can  do  just  as  well 
for  him — perliaps  better.  While  the  manager  of  a  large  estab- 
lishment should  be  conversant  of  all  details  pertaining  to  that 
position,  it  is  sometimes  better  for  him  to  supervise  certain  details 
by  knowing  the  deviation  from  the  rules  and  policy  laid  down  by 
him,  rather  than  by  an  endless  reiteration  of  matters  which  are 
stiictly  in  accordance  with  a  routine,  and  therefore  requiring  no 
special  action  on  his  part. 
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BLEACHERY   AND   DTE  WORKS. 

IN8PECTOH8'   WEHSLT   1IKP0HT. 

examination  (ff  tht  difftreni  depart- 
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REMiRKS.— U>  wniild  ogain  cull  aiU-nli-m  to  bnicH  osed  in  Colored  Fijiisbing 
Boem  u  being  a  source  for  coUecling  inflammable  malerinl.  Would  auggpst 
tkat  a  meiallic  box  of  soiuo  kind  be  aeti  in  Qrej  Room  to  Lold  oil-caos,  coal-tar, 
tDd  lead  mlxtDree  ;  also,  tliat  a  pan  be  used  for  holding  oil-cacs  in  Box  Shop. 
We  would  also  suggest  for  considtratiou  the  closing  of  fire-doont  in  stoie-house 
tnbunatictllf. 

f  laipector*. 


In  orcler  to  have  a  full  koowledge  of  the  details  of  a  lai^e 
establishment,  some  method  of  inspection  is  necessary,  aud  while 
this  will  differ  id  details  at  every  establishment,  yet  tliere  is  much 
»hioh  is  common  to  all.  Let  the  inspection  of  the  whole  property 
be  made  on  Saturday  afternoon  by  two  men — such  as  foremen  or 
OTerseers  of  rooms — who  may  be  appointed  to  serve  four  weeks, 
their  assignment  terminating  on  alternate  fortnights.  The  report 
ahonld  be  made  on  a  sheet  of  paper  diTided  into  squares,  each  of 
tlie  horizontal  lines  being  devoted  to  one  of  the  rooms  of  the 
eatahlisbment,  and  the  Tertical  lines  dividing  it  into  columns  for 
mukiDg  the  condition  of  the  order  of  the  room,  machinery,  and 
file  apparatus,  in  the  several  details  as  shown  by  the  report  insei-ted 
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on  the  previous  page.    Approval  being  marked  by  a  circle,  fault  by 
•  a  cross,  and  tlie  absence  of  the  feature  in  the  column  by  a  dash,  the 
completeness  of  the  report  is  assured  by  a  mark  in  every  square, 
and  the  result  of  the  whole  work  is  clearly  shown  on  the  chart, 
taken  from  an  actual  report,  in  a  manner  similar  to  a  roll  call. 

Although  fires  originate  more  frequently  during  the  day,  yet  the 
absence  of  the  employees  to  render  service  causes  the  greater 
destruction  to  be  done  at  night.  It  is  of  the  utmost  importance 
that  the  work  of  the  watchman  should  be  carefully  arranged. 

The  watchman  should  be  a  strong,  efficient  man,  and  not,  as  is 
frequently  the  case,  employed  for  the  position  because  he  is  good 
for  nothing  else,  and  can  therefore  be  hired  cheaply.  He  should 
understand  how  to  start  the  fire  pumps,  as  well  as  to  manage  any 
part  of  the  fire  apparatus.  As  property  should  be  watched  dur- 
ing the  day  Sunday,  as  well  as  at  night,  it  is  under  the  care  of 
watchmen  about  five-eighths  of  the  time,  and  the  measure  of 
this  responsibility  should  be  clearly  understood. 

The  overseers  should  remain  in  their  rooms  after  the  help 
have  left  at  night,  and  should  be  joined  by  the  watchman,  and 
not  go  away  until  both  are  agreed  that  the  room  is  in  proper 
condition  in  regard  to  care  of  waste,  windows,  steam,  and  water, 
and  a  record  has  been  made  on  the  watch  clock  by  each  of  them. 

The  route  over  the  w^orks  should  be  carefully  laid  out  so  that 
the  watchman  should  go  through  and  not  merely  across  every 
room,  and  at  least  once  an  hour  go  out  of  doors  in  order  that 
the  sense  of  smell  should  be  more  acute  to  the  faint  odor  which 
precedes  spontaneous  combustion.  In  many  instances  a  dog  is 
a  very  valuable  ally  for  a  watchman. 

The  best  method  of  furnishing  a  watchman  with  light  in 
buildings  is  by  means  of  a  gas  jet  near  each  end  of  the  rooms ; 
but,  as  this  is  rarely  practicable,  lanterns  must  be  used,  and 
especial  care  must  be  given  to  the  construction  of  lanterns. 
Safety  requires  that  the  lanterns  should  be  securely  guarded ; 
that  the  handle  and  sustaining  parts  of  the  lantern  be  connected 
together  by  rivets  or  by  locking  the  metal  together  without  re- 
lying on  soldered  joints ;  and  thirdly,  that  the  lamp  should  be 
put  in  from  above  and  never  from  the  bottom. 

The  patrol  should  be  recorded  on  a  watchman's  clock,  not 
merely  to  show  that  he  was  not  unfaithful,  but  also  to  prove  that 
he  was  faithful.  There  are  a  great  number  of  varieties  of  watch- 
men's record  clocks.     In  all  of  them  the  record  is  made  by  marks 
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w perforations  upon  a  sheet  of  paper,  generally  circular,  which  is 
wTol?ed  once  iu  twelve  hoars  like  an  hour  hand,  by  lueans  of  a 
dock  work.  There  are  radial  lines  which  indicate  the  time,  and 
fteyaregenerally  providedwith  concsD  trie  circles  upon  the  paper, 
rLich  designate  the  number  of  each  of  the  stations  visited  by 
the  watclimau.  The  mechauical  clocks,  sometimes  in  portable 
furm,  And  sometimes  fixed  in  each  room,  are  being  supplanted 
\ij  the  electric  clocks,  of  which  there  are  a  great  numVier  of 
Irpes,^ — all  of  them  good,  but  at  the  present  time  preference 
«ems  to  be  given  to  those  in  which  the  electricity  is  generated 
iaeach  of  the  »tationa  by  means  of  a  magneto-machine,  which 
irtDperitted  by  the  act  of  the  watchman  in  making  the  record. 
This  arrangement  obviates  the  neceagitj  of  batteries,  and  as 
there  is  no  electricity  in  the  system  except  at  tlie  instant  of  its 
OM,  tbe  opportunities  of  fraudulent  record  appear  to  be  im- 
possible, Especially  in  districts  liable  to  disorder  and  lawless- 
He^  it  is  desirable  to  have  a  district  messenger  signal  bos  in 
the  works,  visited  once  an  hour,  with  the  understanding  that  if 
tte  call  is  not  made  within  fifteen  minutes  of  the  appointed 
time,  it  will  be  assumed  that  there  is  trouble  and  help  sent  at 
oaoe. 

la  other  methods,  electricity  serves  a  useful  purpose  iu 
devices  for  the  protection  against  fire.  The  telephone  and 
tin  city  fire  alarm  system  are  considered  indispensable  wherever 
possible.  The  auxiliary  fire  alarm  in  connection  with  the  city 
circuits  helps  to  save  the  seconds  which  are  so  precious  at 
time  of  fire.  A  large  amount  of  ingenuity  has  been  expended 
upon  various  forms  of  automatic  fire  alarms,  in  which  the  heat 
will  expand  or  fuse  metals,  or- volatilize  a  liquid,  and  this  in  turn 
actuate  electrical  contacts  and  in  that  manner  produce  a  fite 
alarm.  The  general  experience  with  these  automatic  fire  alarms 
bu  not  been  as  satisfactory  as  could  be  wished,  on  account 
of  their  liability  to  get  out  of  order,  and  in  an  inoperative  con- 
dition, or  to  give  false  alarms  with  undesirable  frequency. 

There  are  numerous  minor  electrical  devices,  such  as  an  alarm 
ind  record  whenever  a  fire-proof  door  is  opened,  or  an  alarm 
whenever  a  main  bearing  is  becoming  warm.  All  these  electrical 
devices  are  apt  to  require  the  supervision  of  a  skilled  electrician 
to  maintain  an  ossorance  of  their  operative  condition. 

Whenever  there  is  a  necessity  of  night  or  Sunday  repair  work 
requiring  the  use  of  any  artificial  light,  more  than  one  man 
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should  be  employed,  and  the  same  precautions  as  those  concern- 
ing watchmen's  lanterns  apply  here. 

The  lack  of  proper  lubrication,  particularly  on  main  bearingB, 
is  a  fruitful  cause  of  fire,  which  calls  for  careful  attention  that 
such  journals  be  kept  in  line,  and  freely  lubricated  with  good 
oil. 

The  storage  of  oil  should  be  outside,  in  a  building  either  be- 
low the  surface  or  banked  around ;  and  in  one  instance  the 
oil  house  is  placed  near  to  the  sand  bins  of  a  foundry.  The  most 
stringent  measures  are  necessary  to  prevent  oil  being  drawn  when 
artificial  light  is  used. 

It  is  necessary  not  merely  to  see  that  steam  pipes  are  free  from 
contact  with  combustible  material,  but  also  that  they  are  not 
covered  with  a  non-conducting  material  which  will  ignite  at  the 
temperature  to  which  they  are  subjected.  Some  of  the  materials 
used  for  covering  steam  pipes  cannot  be  set  on  fire  until  heated, 
and  then  they  become  highly  combustible. 

The  number  of  fires  originating  from  the  contact  of  combus- 
tible or  oily  material  with  steam  heating  pipes  has  been  very 
materially  diminished  by  a  return  to  the  earlier  custom  of  placing 
the  pipes  overhead,  hanging  them  in  coils  of  about  four  pipes 
placed  about  three  feet  from  the  walls  and  two  feet  below  the 
ceiling.  Although  this  method  of  heating  is  very  efficient  in 
keeping  the  temperature  at  the  desired  point  and  the  room  more 
uniformly  heated  with  a  smaller  expenditure  of  steam  than  is 
required  by  the  ordinary  method  of  heating  a  room  by  means 
of  steam  pipes  placed  next  to  the  walls  and  near  the  floor,  yet 
the  later  method  of  warming  a  building  by  blowing  air  which 
has  been  heated  by  passing  through  a  case  containing  the  coil  of 
steam  pipes  is  now  considered  the  most  desirable  and  effiicient 
moans  of  heating  a  building,  and  in  this  connection  is  commend- 
able on  account  of  its  freedom  from  fire  hazard. 

The  class  of  fires  occurring  in  the  process  of  lighting  up  a 
mill  are  not  readily  prevented,  as  the  work  is  necessarily  done 
by  the  help  employed,  and  accidents  will  occur  even  when  jacket 
lami)s  are  used  witli  a  netting  around  the  light.  It  is  the  relief 
from  the  hazard  of  ligliting  tlie  burners  which  has  rendered 
electric  lighting  the  safest  method  of  artificial  illumination. 

Certain  classes  of  material,  such  as  lime  and  powdered  zinc, 
are  liable  to  produce  fire  when  wet,  and  should  receive  due  care 
on  this  account. 
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The  hazard  from  storage  of  raw  material  or  finished  goods  is 
'  hr  less  than  that  of  the  manufactuving  proceeaes ;  and  careful 
ittentiou  should  be  given  to  the  desirability  of  keeping  the  man- 
«faotnriiig  boildinga  as  free  as  possible  irom  any  material  except 
ihat  which  18  in  the  process  of  manufacture. 

Intlie  settlement  of  losses  from  destructive  fires,  the  interests 
of  iLe  assured  have  frequently  suffered  through  the  lack  of  a 
adiedule  of  machinerj\  giving  an  appraisal  of  the  contents. 
Tliis  is  especially  true  in  regard  to  patterns,  which  may  pertain 
to  roMhinery  for  which  there  is  a  constant  demand,  or  which 
may  belong  to  machinery  long  since  superseded,  or  which  may 
1>eik portion  of  some  machine  made  for  an  inventor  or  manuiac- 
hre  ■,  charged  for  in  the  bill  at  the  time  and  representing  neither 
tbIbp  nor  investment.  One  of  the  largest  and  best  managed 
nhops  in  the  countrj-  uses  the  following  method  of  dividing  up 
It?  itnok  containing  the  appraisal  of  patt«rD8,  and  a  similar 
method  tor  all  stock : 

B 

■» 

M 

Uwortp- 

Wrijiht, 

Ride. 

Flmi 

Vsluulloii. 

Yd^hm, 

Donnt. 

vJ=;.    ^ 

■  ^ 

Another  method  is  a  portion  of  a  very  complete  system  of 
acconnting  in  the  establishment  of  a  manufacturing  stationer.* 
Forma  similar  to  the  enclosed  are  used  with  certain  modifica- 
tions for  stock  in  process,  or  articles  which  will  be  for  sale,  aa 
the  articles  which  are  in  the  following  register  are  not  for  sale. 

•  J.  C.  BUir.  Huntingdon,  Pa. 
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A  simpleF  method,  and  probably  just  as  complete  in  many 
aetSDcfis,  is  the  one  given  below,  and  is  uaed  for  appraising  a 
Urger  unoDot  of  property  than  either  of  the  other  forniB. 


Another  dnty  of  the  manager  of  the  works,  which  is  too  often 
nvwlooked  under  pressure  of  immediately  urgent  affairs  con- 
nected nith  production,  is  that  of  supervision  of  the  fire  appara- 
tus, both  in  regard  to  its  care  and  also  practice  in  its  use  ;  and 
Hie  npnlect  of  such  supervision  constitutes  a  deficiency  which  is 
responsible  for  many  unexpected  losses. 

Fira  apparatus  should  be  kept  in  service  as  well  as  in  order. 

't  18  no  exception  to  the  rule  that  practice  is  essential  to  obtain 

*ffiaient  results.     During  the  warm  season  of  the  year  a  portion 

"f  the  help  should  be  formed  into  a  fire  organization,  arranged 

ry  assigning  a  man  to  each  part  of  the  fire  system  where  there 

^  liability  of  needing  any  help,  and  this  organzation  should 

fifwtii''-'  from  tiiiip  t«  time,  at  li'iiHt  twice  a  month,  in  order  to 

^Uili&rize  themselves  with  the  use  of  the  apparatus,  and  also  to 

^veal  any  defects  in  its  installation. 

The  details  of  such  organizations  differ  with  the  arrangements 
md  administration  of  every  mill ;  but  the  general  policy  of  defi- 
nitely assigning  persons  to  the  positions  for  which  they  are  best 
kidapted  and  where  it  is  presumed  they  could  be  most  useful, 
^d  to  practice  them  in  such  work,  is  a  rule  which  is  common 
^all.  In  establishments  like  steel  works,  where  the  operation 
•J  continuous,  it  is  necessary  to  have  an  organization  made  up 
^m  each  of  the  gangs  of  men.  By  way  of  a  distinctive  feature, 
*e  members  of  one  fire  organization  are  provided  with  belts  witlj 
'  Special  clasp,  and  when  any  person  wearing  one  of  these  belts 
'ftves  work,  he  is  to  give  up  his  belt  to  his  alternate  before 
'aving  the  yard.  In  this  manner  by  retaining  the  wearers  of 
te  belts  always  on  the  premises,  it  is  arranged  that  there  shall 
iways  be  a  fully  manned  fire  organization  present  during  the 
orking  hours  of  the  week.  It  is  not  generally  desirable  that 
verseers  or  room  foremen  should  he  assigned  positions  in  such 
'^^nizations,  as  it  is  clearly  their  duty,  in  case  of  fire,  to  remuin 
[  possible  in  the  rooms  under  their  supervision. 
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The  practical  results  of  such  fire  organizations,  where  fire  baa 
occurred,  have  been  very  marked,  and  systematic  and  skiliol 
work  has  been  the  rule  in  place  of  the  needless  confusion  and 
liability  to  breakage  of  fire  apparatus  which  almost  inevitably 
occurs  where  there  is  a  lack  of  such  organization. 

It  is  also  essential  that  pumps  should  not  be  kept  for  fire  pur- 
poses only,  but  that  some  arrangement  should  be  made  so  that  a 
pump,  even  if  its  service  is  not  required  for  other  purposes, 
should  be  put  into  operation  at  least  once  a  week. 

The  arrangement  of  pipes  should  be  as  simple  as  possible, 
and  especial  care  taken  that  the  gates  in  the  mains  should  be 
marked  with  an  arrow  showing  the  direction  of  opening,  and  that 
the  drip  valve  for  the  purpose  of  removing  the  water  from  the 
pipes  of  the  system  should  be  in  a  prominent  location,  instead 
of  a  concealed  and  hardly  accessible  place,  as  is  too  frequently 
the  case.  The  valves  to  automatic  sprinklers  should  be  sealed 
open  by  placing  a  strap  around  the  pipe  and  one  of  the  spokes 
of  the  wheel  of  the  valve  and  securing  the  ends  together  by  a 
rivet  or  belt  cement. 

A  great  deal  of  fire  apparatus  is  destroyed  by  freezing  water 
during  the  winter  months,  and  therefore  a  special  inspection  of 
all  such  apparatus  should  be  made  late  in  the  autumn,  when  the 
water  should  be  drained  from  all  portions  of  the  system  where 
there  is  liability  of  freezing,  and  all  hydrants  and  valves  should 
be  well  oiled,  preferably  with  mineral  oil.  The  hazard  should  a 
hydrant  or  other  portion  of  the  apparatus  be  broken  by  frost 
does  not  lie  so  much  in  the  probability  that  disadvantage  may 
result  from  the  disuse  of  one  element  of  the  plant,  as  in  the 
liability  that  such  a  breakage  may  interfere  with  the  whole 
system  and  render  it  inoperative. 

Construction. 

In  its  desigD,  a  mill  for  any  standard  line  of  manufacture  is 
not  a  building  whose  arrangement  and  proportions  are  fixed 
upon  at  the  whim  of  the  owner,  but  they  must  conform  to  certain 
conditions  of  dimensions,  stability,  light,  and  application  of 
power  to  satisfy  the  requirements  essential  for  producing  the 
desired  results  at  the  lowest  cost, —  circumstances  and  conditions 
to  which  capital  has  been  mercilessly  starved  by  close  competi- 
tion and  the  encroachments  due  to  growing  socialistic  tenden- 
cies.    As  methods  of  manufacture  change,  so  mill  construction 
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'  Biut  in  like   maimer  be   altered  to  conform  to  the  new  cod- 
'  ditiutis. 

Whfttover  changes  may  be  made  in  methodii  of  eoustruction, 
tlie  ijuestioQ  of  the  fire  hazard  coutmues  to  be  represented  by 
u  annua]  charge  which  differs  from  the  other  fixed  charges  of 
interest  iu  that  its  ratio  is  a  variable  one  and  is  based  upon 
&e  estimated  animal  chance  of  fire.  The  more  efficient  the 
immner  in  which  such  a  building  can  be  arranged  to  resist  fire, 
bi  M  ranch  will  the  hazard  represented  by  the  insurance  pre- 
miQm  become  less. 

Although  a  great  deal  depends  upon  construction,  this  hazard 
EM  never  be  reduced  to  zero,  aa  that  would  indi(yat«  that  the 
I  aiil  was  absolutely  fire-prooL     A  lire-proof  mill,  both  in  name 
I   mJ  reality,  must  not  only  be  built  of  incombustible  material, 
but  must  also  be  capable  of  resisting  any  fire  of  its  contents 
without  destructive  effects  upon  the  structure.     Such  a  building 
woald  be  a  commercial  impossibility,  both  in  regard  to  prohibi- 
tive costs  and  also  the  hindrances  to  manufacturing  involved  by 
a  method  of  construction  which  would  bear  comparison  with 
.  tite  casemates  of  fortifications,  and  is  therefore  unsuited  to  the 
F  conditions  essential  for  the  advantageous  operation  of  maehinery. 
It  is  apparent  that  the  nume  of  fire-jiroof  mills  never  deceived 
Mijbody,  for  the  owners  keep  them  insured,  and  the  insurance 
companies  charge  a  rate  in.  accordance  with  their  estimate  of 
the  hazard.* 

The  deetmctiTe  consequences  attending  fire  in  such  buildings, 
vhose  iron  and  masonry  construction  is  called  fire-proof,  shows 
that  some  other  form  of  construction  is  necessary  to  obtain  the 
desired  result  of  minimizing  the  annual  cost  of  the  maintenance 
of  the  invested  capital,  as  represented  by  insurance,  depreciation, 
interest,  and  taxation.  There  is  little  incentive  for  entering  into 
noaBoal  expenses  in  the  construction  of  a  manufacturing  build- 
ii^  for  the  purpose  of  increasing  its  resistance  to  fire,  unless  the 
additional  interest  on  such  increase  in  the  investment  is  to  be 
met  by  a  corresponding  reduction  in  the  annual  cost  of  the  fire 
buard.     In  addition  to  these   questions  involving  the  annual 

*  William  A.  Green,  when  CLiet  Engineer  of  tbe  Boston  Fire  Department,  in 
luvrt  U)  an  inquirj  front  an  official  at  Berlin.  a>'king  for  a  list  snd  descrip- 
(lOD  of  tbe  fire-proof  buildings  at  Boston,  wrote  tbat  tlie  Beacon  Hill  ReEsrvoir 
■utile  only  fire-proof  building  in  Boston,  altliough  t)ie;r  did  not  at  tlmea  feel 
qiliBinreof  it. 
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maintenance  cf  the  plant,  the  inc-reasa  in  the  expense  of  thi 
building  above  a  certain  point  may  prove  poor  management  \ 
locking  up  capital  for  too  long  a  time,  and  may  tend  to  preveDl 
the  improvements  in  arrangement  and  cocstruction  which  i 
necessary  for  the  most  adraata^eouB  manufacturing. 

The  method  of  mill  building  known  as  slow-burning  coDstmo- 
tion  combines  the  advantages  of  low  initial  cost  and  great  resist- 
ance to  destruction  by  fire,  the  final  result  being  that  the 
manufacturing  jiroceas  ia  housed  at  the  minimum  annual  cost. 
Such  slow-burning  methods  of  construction  also  furnish  the  most 
advantageous  arrangements  For  manufacture  as  to  stability,  light^ 
and  application  of  power  ;  the  whole  being  the  result  of  th) 
best  fitness  of  means  to  ends  in  the  effort  to  reduce  the  cost  0 
production  to  its  lowest  terms. 

The  principal  features  of  slow-burning  construction  may  bbi 
illustrated  by  bits  of  experience  drawn  from  many  sources.   Tlut'l 
fundamental   principle  of    such    construction   is   to    mass  the  I 
material  in  such  a  way  that  there  shall  not  be  any  concealedl 
spaces  about  the  structure,  and  that  the  number  of  projectiom  J 
of  timber  which  are  more  easily  ignited  than  the  flat  surfaceftJ 
shall  he  reduced  as  far  as  possible :  that  irtm  portions  of  thfif 
structure  shill  not  be  exposed  to  the  heat  of  any  fire  in  the  c 
tents  of  the  building,  and  furthermore  that  the  isolation  of  the 
various  ]K>rtion8  shall  be  as  complete   as  is  feasible — both  as 
respects  one  buildiug  to  another  and   the  various  rooms  and 
stories  of  the  same  building  to  each  other. 

It  is  a  rare  occuiTeuce  that  one  has  an  opportunity  to  arrat 
an  establishment  on  an  extended  scale  from  the  very  beginnii^ 
In  such  instances  it  is  easy  to  organize  the  whole  so  that  thi 
dangerous  processes  shall  be  relegated  to  special  buildings,  tkstfl 
tlie  storage  shall  be  separated  from  manu&^ture,  that  the  pro-  I 
greas  of  stock  in  process  of  manufacture  shall  be  oontinuott^  I 
that  due  preparation  sitall  be  made  for  future  extensions — and| 
particularly  in  regard  to  the  arrangement  of  buildings  to  graile- 
and  that  full  arrangements  for  the  application  of  power  may  be 
meide  so  as  to  take  advantage  of  the  various  possible  economies 
from  the  latest  state  of  the  art.     Under  such  circumstances  the 
arrangement  of  all  pipes  and  fire  apparatus  can  be  made  to  the  _ 
most  efficient  purpose. 

Far  more  engineering  skill  is  required  for  the  recoQstmctitnt' I 
of  old  establishments,  bringiug  their  methods  as  far  as  possiUa  i 
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to  the  present  state  of  the  art;  and  in  many  instances  this 
work  has  been  done  with  but  little  interference  with  the  pro- 
duction. 

Some  of  the  more  salient  features  of  modem  mill  construc- 
tion pertaining  to  questions  of  resistance  to  fire  can  be  briefly 
related,  witliout  entering  upon  the  general  subject  of  mill  con- 
struction. The  most  important  feature  is  that  of  the  mill  floors, 
which  should  be  laid  on  beams,  generally  of  southern  pine, 
12  X  14  inches,  or  two  inches  larger  when  required  by  unusual 
loads  or  longer  span  than  22  feet  (Fig.  34).  These  beams  are  placed 
from  8  to  10  feet  apart  between  centres,  and  it  is  preferable  that 
thej'  should  be  made  up  of  two  pieces  bolted  side  by  side,  with 
small  blocks  interposed  to  provide  an  air  space  of  about  an  inch, 
as  this  will  diminish  the  tendency  to  decay  or  to  twist  as  the  result 
of  long  continued  seasoning.  At  the  anchorage  of  the  walls  the 
beams  sliould  rest  upon  cast  iron  plates  secured  into  the  walls 
and  provided  with  a  rib  on  the  top  one  and  a-half  inches  in 
height  projecting  into  a  wide  groove  across  the  bottom  of  the 
beam  and  brought  to  a  firm  bearing  by  a  pair  of  wedges  driven 
into  a  groove  each  side  of  the  iron  tongue.  It  is  important  that 
an  air  space  should  be  left  in  the  wall  each  side  and  at  the  end  of 
the  beam  to  prevent  dry  rot,  and  that  the  bricks  in  the  wall  for 
about  four  rows  immediately  above  the  beam  should  be  laid  in 
dry  sand.  A  preferable  modification  of  this  is  to  use  a  cast  iron 
box  made  to  receive  the  end  of  the  beam  and  separated  from 
contact  on  the  top,  end,  and  sides  of  tlie  beam  by  ribs  project- 
ing on  the  inside  of  the  box.  As  in  the  former  case  these  iron 
supports  are  securely  built  in  the  wall.  This  arrangment  is 
much  more  stable  in  anchoring  the  beams  to  the  wall,  and  if 
by  reason  of  fire  the  beams  break  they  will  slide  out  from  their 
anchorage  without  injury  to  the  wall  as  soon  as  the  groove  on 
the  bottom  of  the  beam  clears  the  rib  in  the  supporting  plate. 

At  the  columns,  bejims  rest  on  cast  iron  caps  which  should 
present  a  supporting  area  at  least  three  times  that  of  the  cross 
section  of  the  wood  columns  used,  as  the  resistance  of  timber  to 
longitudinal  crushing  is  three  times  that  of  its  resistance  across 
the  grain.  Tlie  support  from  one  dblumn  to  the  next  should  be 
made  by  cast  ir(m  pintles,  preferably  those  whose  section  is  in 
the  form  of  a  Greek  cross,  as  that  presents  advantages  in  the 
way  of  securely  joining  them  to  the  timber  beams.  At  the  top 
of  the  pintle  a  cast  iron  plate  should  support  the  base  of  the 
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[tolniiiD  above.  A  flat  plate  with  a  projection  in  the  middle 
wearing  tin*  column  by  insertion  into  the  core  of  the  colnmn 
it  preferable  to  the  cup  form  whieh  is  so  frequently  used,  as 
Ibe  latter  tends  to  retain  moisture  to  the  deterioration  of  the 
CDlnnm  by  dry  rot. 

Timber  columns  are  preferred  to  those  of  iron,  unless  the 
load  is  greater  than  can  be  sustained  by  timber,— the  limits- 
boD  of  a  safe  loail  on  oak  or  southern  pine  of  straight  grain  and 
free  from  knots  being  about  six  hundred  pounds  to  the  equiire 
inch.  Such  columns,  when  subjected  to  destructive  teste,  give 
¥sy  by  direct  crushing,  and  for  this  reason  the  tendency  of 
lute  years  baa  been  to  make  square  instead  of  round  columnB. 
These  offer  no  greater  obstruction  to  the  floor  than  tlie  round 
colnmna  and  give  about  one-fourth  extra  resistaui-e.  Wood 
DolamDs  ohould  have  a  1^  inch  hole  bored  along  the  aue,  and 
(»fi  ]  ioch  holes  through  the  column  near  to  each  end,  to  dimiu- 
kh  checking.  Whenever  the  amount  of  load  renders  it  neees- 
wiy  to  ij«e  iron  columns,  they  should  be  protected  by  wire  lath 
imd  plaster,  or  by  some  of  the  special  tiles  made  for  the  purpose. 
The  floor  planks  for  this  type  of  floor  are  generally  made  of 
spmce  plank  from  three  to  four  inches  in  thickness  grooved  on 
both  t"l;,'i.-s  and  joined  together  by  liard  wond  Hplines.  These 
floor  planks  shonld  be  two  bays  in  length,  breaking  joints  at 
least  every  four  feet 

Above  this  the  top  floor,  of  1}  or  1^  inch  hard  wood,  is  laid ; 
and  in  some  instances  the  resistance  of  the  floor  to  Are  is  greatly 
increased  by  laying  a  coat  of  plaster  on  the  floor  plank  before 
the  top  flooring  is  put  on.  But  the  general  method  of  increasing 
the  resistance  of  the  floor  to  fire  is  to  cover  the  floor  and  beams 
OD  the  under  side  with  plaster  laid  on  wire  lathing.  Whenever 
anything  of  this  kind  is  done  care  should  be  taken  that  the 
covering  to  the  timber  should  not  be  hermetically  sealed,  as 
that  coarse  increases  the  tendency  to  dry  rot,  particularly  if  the 
^mber  is  not  very  thoroughly  seasoned  at  the  time  of  its  appli- 
cation. There  have  been  a  number  of  failures  of  the  strength 
of  such  construction  on  account  of  the  disregard  of  this  well- 
known  principle  :  that  it  is  not  desirable  to  seal  up  the  outside 
of  nnseasoued  timber.  This  not  only  applies  to  the  method 
cited  above,  but  aUo  to  paints  and  varnishes  which  are  laid  on 
such  work  before  it  is  thoroughly  seasoned. 
In  mill  floors  of  very  large  area  care  should  be  taken  that  the 


I 
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transverse  shrinking  of  the  floor  should  not  pull  the  walls ;  and 
on  large  low  structures  which  are  far  enough  across  to  be 
afTected  by  a  very  slight  longitudinal  shrinkage  of  the  beams, 
other  methods  of  anchorage  than  the  one  referred  to  should  be 
adopted. 

The  mill  roof  is  similar  to  the  floor  in  many  of  its  character- 
istics, the  timbers  being  somewhat  lighter.  If  the  roof  is  higher 
in  the  middle  the  beams  extend  through  the  wall,  and  their  ends 
properly  cut  serve  as  brackets  for  the  roof  planks,  which  are 
continued  to  the  ends  of  the  beams,  and  thus  make  a  finish 
without  calling  for  the  construction  of  hollow  cornices  with 
gutters. 

There  will  be  no  trouble  from  condensation  on  such  a  roof  in 
cold  weather  if  the  plank  and  roof  boarding  are  three  inches  in 
thickness,  unless  some  wet  process  be  carried  on  which  pro- 
duces a  large  amount  of  vapor,  like  paper  manufacturing ;  in  this 
case  it  is  advisable  to  make  the  roof  four  inches  in  thickness, 
also  placing  roofing  felt  between  the  plank  and  the  roof  boarding. 

If  it  is  desired  to  add  finish  by  placing  sheathing  against  the 
underside  of  the  roof  plank,  such  finish  should  be  blind  nailed, 
as  the  nails  are  good  conductors  of  heat,  and  reaching  to  the 
colder  portion  of  the  roof,  the  moisture  in  the  air  will  condense 
on  the  nail  heads  if  exposed.  It  was  formerly  assumed  that  a 
double,  sloping,  hollow  roof  was  necessary  over  a  paper  ma- 
chine, but  the  above  type  of  roof  has  been  successfully  employed 
for  such  purposes. 

A  coal  tar  concrete  walk  about  the  building  will  protect  the 
foundations  and  also  take  care  of  water  dripping  from  the  roof. 
Under  some  circumstances  the  slope  of  the  roof  is  reversed, 
being  depressed  at  the  middle  and  highest  at  the  edges,  the 
storm  water  being  removed  through  gutters  extending  down 
through  the  middle  of  the  building.  This  enables  the  walls  to 
be  extended  above  the  roof,  forming  a  parapet  which  is  a  great 
defence  against  fire  from  exposure  outside,  and  is  a  method  of 
construction  which  is  being  generally  followed  in  cities. 

There  is  but  little  to  be  offered  in  this  connection  on  the  sub- 
ject of  walls  ;  but  the  method  of  building  pilastered  walls  is 
becoming  more  frequent,  as  it  affords  an  opportunity  to  dispose 
the  brickwork  more  rigidly  than  in  plain  brick  walls,  and  also  to 
introduce  features  of  architectural  symmetry.  With  buildings 
one  or  two  stories  in  height,  walls  are  made  of  plank  in  a  manner 
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Kilftr  to  the  milt  floor,  procTucing  at  low  cost  a  buildiag  which 
BltroD^,  warm  and  light,  without  also  coutaining  the  combuati- 
tSb  features  of  an  ordinary  frame  building. 

Socb  a  mill  floor  and  columns,  while  poaseBsing  in  a  very  high 
^jjree  features  which  ofl'er  resistance  to  fire,  and  are  weakened 
miIt  to  ft  slight  exteut  as  they  are  slowly  burned  away  under 
etpogure  to  a  very  severe  fire,  also  possess  the  merit  of  great 
woDomy,  both  as  regards  the  low  price  of  construction,  and  in 
tlut  tbe  floor  is  thinner  in  comparison  with  joisted  floors  of 
eqnftl  strength,  saving  in  this  respect  for  every  floor  in  a  building 
aboat  ten  inches  in  height  of  wall,  stairs,  belting,  steam  pipes, 
ud  iJl  vertical  connections  reaching  from  floor  to  floor^a  sav- 
ing which  amounts  to  considerable  in  tbe  total  cost  of  building. 
It  is  important,  however,  that  floors  should  not  be  pierced 
nitli  unprotected  openings  for  stairways,  elevators,  or  main 
Mts.  There  is  no  record  of  such  a  mill  floor,  without  belt  or 
f  oliier  Iiolea  in  it,  being  burned  through  by  a  fire  stai-ttng  in  the 
room  below. 

The  principles  of  mechanics  to  lie  followed  in  the  design  of  9 
mill  dnoT  are  not  those  of  tbe  ultimate  resistance  to  breaking, 
trnt  of  tlie  amount  of  distortion  which  it  will  be  permissible  to 
impose  upon  the  machinery  by  reason  of  the  yielding  of  the 
floor.  The  usual  method  of  fixing  upon  the  limit  of  such  deflec- 
tions as  a  constant  ratio  of  the  span  is  clearly  wrong  in  principle, 
Ike  form  of  the  flexure  being  a  curve,  and,  therefore,  not  a  con- 
Btant  ratio  of  the  span.  The  proper  allowance,  however,  of  the 
measure  of  the  amount  of  distortion  allowed  to  the  floor  is  that 
of  the  mean  radius  of  curvature — a  safe  limit  being  that  the 
deflection  in  inches  should  not  exceed  .0012  multiplied  by  the 
square  of  the  span  in  feet ;  the  desired  resolt  is  to  fix  upon  con- 
ditions of  stiffness  of  the  floor  plank  and  the  floor  beams,  which 
will  cause  it  to  deflect  to  an  equal  radius  of  curvature  in  both 
directions  by  the  same  load  per  square  foot. 

Floors  near  the  earth  in  basements  should  be  well  ventilated, 
if  there  is  a  apace  between  the  floor  and  the  surface  of  the 
earth ;  but,  unless  that  space  is  continuous  and  two  or  three  feet 
in  height,  it  ia  better  to  lay  tbe  floor  directly  upon  the  earth, 
taking  care  to  prevent  dampness  by  patting  in  a  layer  of  stones 
or  cinders.  Above  this  tbe  sills  for  the  floor  are  laid  in  a  trench 
with  coal  tar  concrete,  which  is  also  laid  between  the  sills,  on  a 
level  with  the  top  of  them,  and  the  floor  boai-ds  are  laid  over 
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ftk  When  well-seasoned  chestnut  is  nsed  for  this  purpose,  it 
till  last  a  great  many  years  without  dry  rot.  Cement  concrete 
win  cause  timber  to  decay  rapidly.  The  sills  are  not  necessary 
«cept  to  furnish  material  to  secure  lag  screws  holding  down 
loick-nmning  machinery ;  and  where  the  two  courses  of  floor 
pl»nk  are  suflBcient  for  such  purposes,  the  sills  may  be  omitted 
^  the  plank  laid  directly  upon  the  concrete. 

Windows  for  a  mill  should  be  placed  as  high  as  possible,  as 

fte  iilumination  from  the  upper  part  of  a  room  is  much  more 

^Diformly  diflFused.    The  window  sills  should  be  sloping,  in  order 

tlat  articles  should  not  be  left  on  them  in  a  disorderly  manner. 

He  architectural  effect  is  usually  heightened  by  placing  sashes 

tt  near  to  the  line  of  the  inside  of  the  wall  as  possible,  making 

fie  disclosure  or  opening  around  the  sash  on   the  outside  as 

large  as  possible.      Ventilation  can  generally  be  arranged  more 

astis&ctorily  by  means  of  stationary  sashes,  the  upper  part  of 

which  swings  like  a  transom  over  a  door.     In  places  where  the 

work  will  be  disturbed  by  currents  of  air,  a  desirable  form  of 

window  ventilator  is  made  by  deflecting  a  portion  of  the  middle 

of  the  sash — about  eighteen  inches  in  height  and  of  same  width — 

inward  into  the  room,  covering  the  top  of  the  bracket-like  pro- 

jeetion  thus  formed  with  a  cover  which  can  be  opened  at  will. 

The  air  from  the  outside  is  directed  upward  toward  the  ceiling, 

thus  giving  a  uniform  circulation  in  the  room  without  causing 

rapid  currents.     In  case  the  windows  admit  too  much  light,  this 

can  be  readily  modified  ])y  painting  the  inside  of  the  windows 

with  a  mixture  of  turpentine  with  zinc  white.     Tho  amount  of 

obstruction  desired  can  be  readily  fixed  u])on  after  a  few  trials. 

lu  oiie-story  mills,  find  in  the  upper  stories  of  wi(l(^  mills,  it  is 

necessary  to  introduce  light  through  the  roof.    While  the  expen- 

i^ive  English  ridge  and  furrow  roof  gives  a  very  soft  and  blended 

li^ht,  it  is  hardly  ada])ted  to  the  northern  part  of  the  United 

States,  on  account  of   the  difficulties  with  snow,  and   monitor 

riX)fsor  hipped  skylights  give  the  best  satisfacticm.    If  the  latter 

are  used,  it  is  desirable  in  many  instances  that  the  lower  part  of 

tlie  space  under  the  skylight  ])e  separated  from  the  room  l)elow 

bv  means  of  glazed  sashes,  placed  flush  with  the  ceiling.      The 

Hioiiitor  roof  of  a  one-story  machine  shop  affords  an  opportunity 

f«>r  a  travelling  crane  with  a  minimum  of  building  space  (Figs. 

3.3  and  36). 

Stairways  should  not  be  placed  in  direct  communication  be- 

19 
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tween  differeDt  stories  of  the  mill,  but  in  masonry  towers, 
substantial  doors  at  each  story.  Although  almost  genen 
better  architectural  effect  can  be  produced  by  building 
stairway  towers  on  the  outside  of  the  mill,  yet  in  many  insti 
principles  of  economy  can  best  be  served  by  building  the  i 
inside  of  the  mill  at  a  corner.  Stairways  should  be  mat 
straight  runs,  with  square  turns  ra6her  than  spirally.  Fooi 
on  the  stairway  may  be  increased  either  by  laying  upper  ti 
containing  a  number  of  grooves,  similar  to  those  frequently 
on  the  steps  and  platforms  of  street  ears,  or,  what  is  bette 


rincPROor  DOORS 


using  the  silicate  grooved  tiles  made  especially  for  the  pui 
and  extensively  used  in  England. 

Elevators  should  be  so  arranged  that  they  would  not  servi 
flue  under  any  circumstances ;  but  it  is  not  necessary  to  place 
in  a  tower  outside  of  the  building,  as  elevators  through  anj 
tions  of  mills  can  be  safely  placed  at  almost  any  point  de 
for  sake  of  convenience,  aud  the  openings  kept  closed  by  n 
of  automatic  hatches. 

The  division  of  mills  into  various  portions  by  means  of 
walls  is  frequently  not  so  efficient  as  assumed,  by  reason  o 
lack  of  fire-doors  to  fulfill  satisfactorily  the  purpose  of  resi 
fire.     The  best  form  of  fire-door  is  that  made  of  two  thickn 
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if  iBfttohed  lioiirdn,  placed  at  ri^lit  anglee  to  each  other  and 

g«il»l  togethor,  beiug  covered  on   the  outside  by  tin,  securely 

I  Vcked  together  and  held  to  the  door  hy  numerous  hangmjj  strips 

[  (Fig.  37  .     Tho  door  should  be  secui'cd  to  the  hangers  iiy  means 

I  <Jbolts,  and  not  screws,  and  the  rail  upon  which  it  runa  should 

I  tegtrongly  bolted  to  the  wall.     When  closed,  such  door  should 

Ifobto  a  jamb  and  be  securely  lield  in  this  mauuer  against  the 

^*|J1     Such  doors  are  frequently  hung  upon  an  inclined  track, 

I  Aid,  by  some  application  of  highly  fusible  solder  at  the  catch, 

I  ananged  that  they  will  be  closed  by  the  heat  of  a  fire,  if  • 

not  closed  by  hand.      This  same  principle  may  be  applied  to 

fce-proof  shutters  hung  over  various  openings  which  necessarily 

eiiit  in  walls  which  are  desired  to  form  a  fire-proof  separation 

Vtween  various  portions  of  a  building.    A  fire-wall  must  estend 

llutragh  tlie  roof,  cutting  off  continuity  of  woodwork,  especially 

i)the  roof  cornices.     The  top  of  such  a  fire-wall  can  be  covered 

nth  tiling,  which  is  made  in  special  form  for  such  purposes, 

letter  than  by  a  stone  coping. 

In  tliis  treatment  of  the  aiTaugement  of  buildings  to  resistfire, 
nomderation  has  not  been  given  to  the  cost  of  land,  which  is  of 
Wlf  an  important  factor  in  determining  what  arrani,'emeut  will 
i*  tbc  must  exj>0(lieiit   for    an    estiibliwhrnent.     Where   land  is 
Mpensive,  or  where  there  are  limitations  in  the  space  suitable 
Sir  bail ili Jig,  it  is  frequently  necessary  to  build  mills  and  shops 
%li(ir  than  would  be  preferred   under  other  couditions;  but 
"here  circumst.ances  will  permit  it,  the  one-story  mill  has  been 
rerr  successful,  not  merely  in  immunity  from  fire  and  very  low 
rost  per  square  foot  of  floor,  bnt  also  in  the  advantages  of  manu- 
feotoring,  particularly  in  regard  to  cost  of  supervision  and  move- 
ment of  the  stock  in  process  of  manufacture.     These  are  ques- 
tions which    must   be  determined,  not   merely  in  regard  to  the 
various  processes  of  manufacture,  Init   the   indii-idnal  needs  of 
tu-h  coacera;  the   position  of  the  fire  ri.sk  in  the  matter  being 
that  the  hazard  of  a  building   increases  very   rapidly  with  its 
height  and  to  some  extent  with  its   area.     The  extension  of  one- 
story  buildings  over  too  large  an  area  will  not  be  commended,  and 
certainly,  as  regards  the  question  of  fire,  it  has  a  tendency  to  place 
too  large  a  property  in  direct  exposure  to  a  very  wide  hazard. 

The  illustration  (Fig.  38)  is  taken  ffom  a  photograph  of  a  one- 
story  cord^e  factory  designed  by  Stephen  Greene,  Mem.  Am. 
Soc  Mech.  Engineers.     This  mill  was  erected  in  place  of  a  three- 
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story  building   like  the  one  shown  in  the  background  of 
picture,  which  had  been  destroyed  by  fire,  but  the  cost  of  maai 
facture  was  so  much  less  in  the  new  mill  than  in  the  old 
that  the  latter  could  not  compete  with  it ;  and,  having  outlii 
its  usefulness,  was  taken  down  as  a  cumberer  of  the  ground 
order  to  afford  an  opportunity  for  the  extension  of  the  onenstoi 
milL 

The  train  in  the  foreground  is  drawn  by  a  locomotive  operate^^ 
by  compressed  air,  its  service  displacing  the  work  of  twenty-twc 
horses  and  sixteen  men. 

Some   textile  mills  have  been  built  in  the  form  of  the  bloci 
letter  U-,  this  form  having  been  decided  upon  as  giving  the  con— ' 
ditious  of  lowest  resultant  cost.     One  wing,  two  stories  in  heighty^ 
contains  weaving ;   the    other   wing,   three   stories    in    height,  ^ 
contains  carding  and  spinning  ;  while  the  engine  is  placed  in  the   ^ 
connecting  building.    The  pickers  and  the  boilers  are  in  outside 
buildings,  so   placed   that  they  will  not  interfere  with  future 
extensions  of  the  building  into  the  form  of  the  block  letter  H- 

In  this  connection  there  is  but  little  reference  to  be  made  to 
storehouses,  except  to  mention  the  necessity  of  the  closest 
supervision  of  their  contents.  The  preferable  arrangement  of 
stairways  and  elevators  for  such  structures  of  more  than  one 
story  in  height  is  to  place  them  in  towers  upon  the  outside  of 
the  building,  not  directly  connected  to  the  rooms,  but  reached 
by  means  of  open  galleries  which  lead  from  the  door  of  tho 
storehouse  to  a  corresponding  door  in  the  tower  at  the  same 
level.  The  height  of  each  story  should  be  low  enough  to  pre- 
vent overloading.  The  best  conditions  of  safety  require  that 
not  over  one  row  of  stock  in  bales  on  end  should  be  placed  on 
a  floor.  It  is  very  important  that  the  floors  of  storehouses 
should  be  made  as  tight  as  possible  and  provided  with  scuppers 
with  swinging  covers  on  the  outside  to  discharge  any  excess  of 
water  thrown  on  them  in  case  of  fire. 

Machinery. 

The  actual  hazards  from  the  tools  and  machinery  used  in 
manufacturing  processes  are  so  many  that  there  is  no  opportu- 
nity for  more  than  passing  reference  to  some  of  those  of  quite 
frequent  occurrence. 

In  all  machinery  hot  journals  are  a  prolific  source  of  fires,  and 
protection  is  to  be  secured  by  free  lubrication  with  oil  suited 
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to  the  especial  service  reqiiired   of  it.     In    many  instances      ^ 
would  be  a  good  investment  to  place  long  lines  of  heavy  shafii  ^^^ 
in  pillow  blocks  on  masonry  piers,  rather  than  in  hangers  or  ^^t 
harness  frames.     This  particularly  applies  to  the   methods 
transmitting  power  to  the  beating  engines  in  paper  mills. 

Taking  the  dangers  from  machinery  in  the  order  of  their  cause 
those  from  prime  movers  require  the  first  consideration.    Th< 
dangers  from  fire  ia  boiler  rooms  are  few,  the   risk  being  we 
understood  and  is  looked  out  for  accordingly.    If  other  perfectly***^ 
well  known,  although  not  as  apparent,  possibilities  of  fire  were 
as  carefully  guarded,  there  would   be  a  great  diminution  in  the 
number  of  fires. 

The  fires  from  the  spontaneous  ignition  of  bituminous  coal  are 
very  difficult  to  conquer.  The  explosion  of  gas  generated  by  the 
hot  coal  frequently  causes  serious  damage  in  addition  to  that 
from  the  direct  combustion  of  the  coal.  Such  fires  are  prone  to 
occur  when  least  expected  and  to  cause  unwarrantably  large 
damage.  The  cause  of  the  spontaneous  ignition  of  coal  is  un- 
doubtedly the  heat  produced  by  the  chemical  changes  occurring 
in  the  inorganic  sulphur  compounds  abounding  in  the  coal ; 
these  changes  being  favored  by  time,  dampness  and  pressure. 
While  it  may  be  assumed  that  within  certain  limits  the  per- 
centage of  such  inorganic  sulphur  compounds  would  be  a  meas- 
ure of  the  hazard  of  spontaneous  ignition  likely  to  arise  from 
any  quantity  of  a  given  coal,  yet  there  are  difficulties  in  the  way 
of  an  application  of  any  such  assumption.  The  sulphur  which 
causes  the  damage  is  not  that  of  the  average  of  the  whole  mass, 
but  the  maximum  in  any  lump  of  coal  exposed  to  favorable  con- 
ditions ;  and  secondly  the  analyses  generally  give  the  total  per- 
centage of  sulphur  without  separating  the  organic  from  the  in- 
organic compounds. 

Returning  to  the  more  practical  features  of  the  matter,  bitumi- 
nous coal  should  not  be  stored  under  valuable  buildings,  nor  in 
contact  with  timber.  When  a  lot  of  coal  is  used  up,  the  coal 
shed  should  be  thoroughly  swept  out  before  a  new  supply  of 
coal  is  added.  If  the  depth  of  coal  exceeds  eight  feet,  iron  rods 
should  be  pushed  to  the  bottom  and  examined  every  day,  as  the 
warmth  of  any  heating  within  the  pile  is  conducted  to  the 
protruding  end  of  the  rod,  and  thus  an  opportunity  is  given  to 
shovel  ovei-  the  coal  before  it  actually  reaches  the  ignition 
stage. 
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There  are  no  precautions  to  be  suggestcil  for  anthracito  coal 

lon^'e.  S8  the  hazard  is  almost;  nominnl. 

He  general  use  of  crmle  petroleum  tor  fuel  is  too  new  to  fur- 


a  hiatorj-,  bnt  the  record  thus  far  has  contained  accounts 
any  accidents,  principally  in  connection  with  faulty  methods 
)rage.     The  petroleum  should  be  securely   stored  in  veuti- 
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lated,  covered,  iron  tanks,  placed  below  the  point  of  coiis^^  ^ 
tion,  and  where  the  oil  cannot  endanger  any  property  in  er    -, 
of  breakage.    At  the  point  of  consumption,  the  oil  is  attei^    .  _ 
with  tlie  hazards  of  other  gaseous  fuel,  particularly  at  the 
stant  of  lighting,  and  in  like  manner  it  is  necessary  to  apply 
flame  before  turning  the  oil  spray  on  to  the  furnace. 

The  crude  petroleum  used  for  fuel  has  a  flashing  point  of  16 
35  degrees  Fah.,  giving  off  inflammable  vapors  at  about  the  fre^  ^ 
ing  point  of  water.  The  reduced  oil  has  been  "  treated  "  in  order  ^^ 
remove  the  readily  volatile  material,  and  its  flashing  point  raiser  ^ 
to  125  degrees  and  upward,  sometimes  reaching  30 J  degrees  FaE^ 
It  is  much  safer  than  crude  petroleum,  but  very  diflicult  to  pum 
in  cold  weather. 

In  the  steam  engine  room,  hazards  are  not  due  to  the  machines 
but  to  neglected  cily  waste  and  similar  reprehensible  matters. 

Water  wheels  are  subject  to  dangers  in  connection  with  the 
wearing  awaj^  of  the  wood  step,  which  will  occur  at  odd  intervals 
and  without  any  previous  notice ;  the  alteration  in  the  height  of 
the  turbine  shaft  frequently  causing  the  bevel  gears  to  strike  fire, 
thus  igniting  the  grease. 

The  distribution  of  power  has  been  attended  with  many  and 
severe  flros,  generally  resulting  in  what  is  known  as  a  total  loss. 
The  greater  part  of  this  destruction  may  be  avoided  by  building 
a  belt  tower  in  the  mill,  opening  toward  the  engine  room  and 
covered  by  a  glass  roof  with  wire  netting  beneath  the  glass.  The 
driving  is  in  this  tower,  and  the  power  is  transmitted  by  shafting 
passing  through  holes  in  the  wall  of  the  tower. 

All  machinery  which  throws  a  waste  product  in  a  dust  room, 
as  cotton  pickers,  buffing  machines,  and  napping  machines,  fre- 
quently ignite  such  fluff,  and  the  fire  returns  to  the  room  where 
it  started  through  the  fine  or  trunk  of  some  other  machine 
not  in  operation,  or  the  fiames  burst  from  several  of  the  ma- 
chines when  they  are  stopped  at  noon  or  night.  Such  mishaps 
are  ujaterially  reduced  by  placing  light  swing  dampers  at  the 
ends  of  the  fine  where  they  are  kept  open  by  the  current  of  air 
from  the  blowers  of  the  machines  in  operation,  and  at  other 
times  are  shut  (Fig.  39). 

The  floor  under  machines  liable  to  scatter  oil  should  be  pro- 
tected by  slieot  metal,  particularly  in  the  case  of  woolen  cards, 
mule  lieads,  and  in  some  instances  electric  motors. 

The  limitations  of  a  single  paper  will  not  allow  further  alia- 
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«iniw  to  tJie  dangers  from  particular  machines ;  but  the  principle 
"I  keeping  tliem  in  the  beat  operating  condition  is  also  that  of 
kwping  them  in  the  safest  condition,  and  no  one  is  better  fitted 
^rlhe  exercise  of  such  care  forthe  prevention  of  fire  than  those 
tuji^ed  m  the  practical  attendance  of  such  machines. 

Fire  ApPABATua 
All  methods  for  the  prevention  of  fires  fall  so  short  of  the  ideal 
i)f  immunity  that  there  is  a  necessity  for  fire  apparatus.  Tho 
principle  of  defence  of  a  manufactory  gainst  fire  ia  that  of  self 
protection  by  making  the  installation  and  management  of  the 
fi»  apparatus  of  snch  a  grade  as  to  be  able  to  cope  with  the 
progress  of  any  fire  which  can  possibly  occur.  The  meiits  of 
firp  organizations  have  already  been  considei'ed  as  essential  to 
the  service  of  fire  apparatus. 

Bncketa  of  water  are  the  most  effectual  fire  apparatus.  They 
sbonld  be  kept  full  and  distributed  in  liberal  profusion  in  the 
Tirious  rooms  of  a  mill,  being  placed  on  shelves  or  hung  on 
hooks,  as  circumstances  may  require.  In  order  to  assist  in 
keeping  them  for  fire  purposes  only,  they  should  be  uuUke 
other  pails  used  about  the  premises,  and  in  some  instances  each 
pail  and  the  wall  or  column  behind  its  position  bears  the  same 
nomber. 

It  is  a  mistake  to  keep  fire  pails  in  dry-rooms,  as  the  water  in 
the  pails  evaporates  rapidly,  and  also  in  so  doing  interferes 
with  the  drying  processes.  The  pails  should  be  placed  in  some 
coDTenient  situation  near  to  the  dry-room,  where  they  will  not 
oppose  the  drying  process,  and  will  also  be  more  accessible  in 
Ose  of  fire  than  when  hung  inside  of  a  dry-room. 

In  unheated  buildings  the  contents  of  fire  pails  can  be  pre- 
Tented  from  freezing  in  winter  by  adding  chloride  of  magnesium 
to  the  water. 

Oalvanized  iron  pails  are  better  thiin  wood  pails,  and  indur- 
ated fibre  makes  a  very  satisfactory  pail,  especially  in  places 
■round  bleacheries,  chemical  pulp,  or  paper  mills,  where  corro- 
sive fumes  rapidly  injure  metal  pails. 

There  are  various  expedients  to  insure  the  full  condition  of 
fire  pails,  such  as  various  floats,  or  electrical  conti'ivances,  or 
sealing  over  the  top  of  the  pail  some  thin  sheet  of  impervious 
material ;  bnt  the  fact  is  that  there  is  no  fire  apparatus  so 
simple  and  effective  as  a  full  pail  of  water  in  good  hands.    All 
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automatic  devices  are  not  above  contingencies,  and  they  lead  to 
lowering  tlie  standard  of  personal  espionage,  which  is  the  con- 
trolling principle  in  the  administration  of  affairs. 

Generally  there  is  also  need  of  casks  of  water  to  furnish  a 
further  supply  to  the  fire  pails. 

Garden  hose  attached  to  a  supply  of  water  often  constitutes  a 
very  useful  portion  of  the  fire  apparatus.  Any  cocks  in  the 
nozzles  should  be  fixed  in  an  open  position  by  striking  a  heavy 
blow  on  the  handle  of  the  plug  cock  commonly  used  in  such 
fittings. 

Automatic  sprinklers  have  proved  to  be  a  most  valuable  form 
of  fire  apparatus,  operating  with  great  efficiency  at  fires  where 
their  action  was  unaided  by  other  fire  apparatus,  particularly 
at  night.  In  mill  fires  the  average  loss  for  an  experience 
of  twelve  years  shows  that  in  those  fires  where  automatic 
sprinklers  formed  a  part  of  the  apparatus  operating  upon  the 
fire  the  average  loss  amounted  to  only  one- nineteenth  of  the 
average  of  all  other  losses.  If  the  difference  between  these  two 
averages  represents  the  amount  saved  by  the  operation  of  auto- 
matic sprinklers,  then  the  total  damage  from  the  number  of 
fires  in  places  in  which  automatic  sprinklers  are  accredited 
as  forming  a  poi*tion  of  the  apparatus,  has  been  reduced  six 
and  a  quarter  million  dollars  by  the  operation  of  this  valuable 
device. 

Although  there  have  been  numerous  patents  granted  to  invent- 
ors of  automatic  sprinklers  since  the  early  part  of  the  present 
centurj^,  yet  their  practical  use  and  introduction  has  been  sub- 
sequent to  the  invention  of  the  sealed  automatic  sprinkler  by 
Henry  S.  Parmelee,  of  New  Haven,  Conn.,  about  twelve  years  ago. 
This  device  being  the  first,  and  for  many  years  the  only  auto- 
matic sprinkler  manufactured  and  sold,  and  actually  perform- 
ing service  over  accidental  fires,  to  him  belongs  the  distinction 
of  being  the  pioneer  and  practically  the  originator  of  the  vast 
work  done  by  automatic  sprinklers  in  reducing  destruction  of 
property  by  fire. 

Although  nearly  or  quite  two  hundred  thousand  Parmelee 
automatic  sprinklers  have  been  installed,  their  manufacture  has 
been  supplanted  by  other  forms ;  and  the  total  number  of 
automfitic  sprinklers  in  position  at  the  present  time  must  be 
about  two  million. 

In   an   automatic  sprinkler  system   the  sprinkler  heads   are 
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attached  to  tees  in  pipea  ngainst  the  ceiling ;  the  arrangement 
bi'ing  siirli  that  there  sliall  be  at  least  a  sgiriukler  to  every 
iHw  httiiJi-ed  feet  of  floor,  some  places  requiring  a  still  larger 
BoaiWr  of  sprinklers.  There  should  be  two  sources  of  water 
nppk,  with  check  valves  in  the  pipes  leadiug  into  the  sprink- 
fef  system,  giving  it  the  benefit  of  the  greater  pressure  with- 
out the  intervention  of  any  persoual  act.  If  one  of  these  sup- 
plies is  furnished  by  an  elevated  tank,  the  minimum  head  from 
the  bottom  of  the  tanli  to  the  highest  sprinkler  sboald  be  not 
less  thuu  twelve  feet. 

The  inability  to  withstand  freezing  temperatures  is  a  defect  in 
lutomatic  sprinkler  systems  which  has  not  been  fully  remedied  by 
inrcDlicin,  There  are  many  so-called  dry  pipe  systems,  in  which 
the  water  ia  kept  from  the  system  until  fire  occurs,  when  the  heat 
»hirh  releases  the  sprinkler  is  presumed  to  actuate  devices  which 
ojwu  the  main  valves  admitting  water  to  the  system.  Such  ap- 
parBlns  is  always  complicated ;  these  systems  have  sometimes 
proi-eii  to  be  inoperative  at  fires  ;  and  have  fi'equently  been  dis- 
eoTcred  to  be  out  of  order  when  examined.  The  attempts 
»t  making  a  solution  of  low  freezing  point,  which  should  be 
non-combustible,  and  under  the  conditions  of  its  use  should 
BJsn  bf  Doii-con'osive,  do  nut  appear  to  have  \we.n  successful, 

It'titer  ia  suiuetiiues  removed  from  aut^^iuatic  sprinkler  sys- 
teioB  during  cold  weather  by  pumping  in  air  to  a  pressure  suffi- 
cient to  displace  the  water.  This  method  demands  a  great  deal 
of  attention ;  and  in  case  of  a  fire  it  requires  even  longer  to  dis- 
charge the  compressed  air  from  the  pipes  and  throw  water  on  the 
fire  than  would  be  the  case  with  the  usual  dry  pipe  system. 

The  only  resource  for  automatic  sprinklers  in  rooms  liable  to 
temperatures  below  the  freezing  point  appears  to  be  to  shut  the 
supply  valve  and  slowly  draw  the  water  from  the  pipes  late  in 
the  antumn  and  to  admit  the  water  in  the  spring.  The  valves 
shonld  be  in  a  place  accessible  at  time  of  fire,  and  all  persons 
liable  to  have  any  duties  in  the  matter  should  be  made  acquainted 
with  the  necessity  of  opening  such  valves  in  time  of  fire. 

The  discbarge  of  automatic  sprinklers,  including  the  resistance 
of  the  pipe  fitting  rcay  be  lepresented  hy  Q  =  O.GVp,  in  which 
Q  equals  the  discharge  in  cubic  feet  per  minute,  and  pihe  pres- 
sure in  pounds  per  square  inch. 

The  following  standard  of  sizes  for  pipes  for  automatic  sprink- 
ler installations  is  based  upon  the  principle  of  using  the  nearest 
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commercial  sizes  permittiug  iv  uuiform  frlctional  Iobs  through  thai 
system. 


Si    - 


Wlien  automatic  sprinklers  were  first   introduced  there  wan 
many  apprehensions  that  leaka*!;e,  and  also  excessive  water  dis'l 
chaj'ged  upon  small   fires,   would   be   sources    of  damage.     JA\ 
England  this  opinion    found   expreasion  in  increased  insurance 
rates  in  buildings  where  automatio  sprinklers  were  installed. 

Many  automatic  sprinklers  have  been  made  in  such  a  manner 
as  to  impose  unusual  stress  upon   the  fusible  solder,  which  is  4^ 
weak  alloy  possessing   but  little   resilience,   and  therefore    Ula 
adapted  to  withstand  the  forces   due   to  water  pressure,  water 
hammer,  and  what  is  sometimes  preater  than   either,  the  initial 
tension   in  setting  up  the  sprinkler  to  make  it  tight.     It  is  not 
surprising  that  such  sprinklers  break  or  leak ;  but  among  the 
score  or  more  automatic  sprinklers  on  sale,  it  is  easy  to  seleotn 
several  varieties,  any  one  of  which  would  impose  but  little  rislt  1 
of  leakage  from  water  pressure. 

The  logic  of  figures  shows  that  this  liability  to   damage  la' 
merely  nominal  in  the  case  of  well   constructed  sprinklers.     Ab  J 
association  of  underwriters  who  have  given  careful  attention  iaM 
the  subject  obtained  the  facts   that  out  of  514,071    aatooiatiiS'l 
sprinklers  which  had  been  in  actual  service  on  the  average  fM^■ 
five  years,  under  a  water  pressure  reaching  in  some  instances  ' 
one  hundred  and  eighty  pounds  to  the  square  inch,  but  averag- 
ing sisty-nine  pounds  to  the  square  inch,  there  had  been  only 
fifty-eight  instances  of  sprinklers  leaking  fi'om  water  pressure, 
and   three  hundred  and   seventeen   instances  of  leakage   fi-om 
other  causes  than  fire,  generally  by  accidents  to  the  machinery 
or  by  carelessness  of  the  employees;   the  average  dam^^  from 
all  these  causes  being  ^2.56  per  plant  per  annura. 

Although  automatic  sprinklers  have  proved  to  be  so  reliable 
and  effective,  yet_,  in  order  to  provide  fir  all  possible  contingen- 
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m,  their  introductioii  Bhould  not  displace  other  forms  of  fire 
(ppatstna,  particalarly  atand])ipe8  in  the  stairway  towers  with 
blnols  at  each  story.  The  hose  ftt  these  hydrants  should  be 
fetouriwl  on  a  row  of  pins,  or  doubled  on  some  of  the  reels 
Builc  especially  for  such  purposes.  Standpipes  are  not  reoom- 
BNiilwl  to  Iw  placed  in  rooms  or  on  fire  escapes  ;  and  inside 
ijdnmla  should  not  be  attached  to  the  vertical  pipes  supplying 
mloiuiitic  sprinklers. 
Cue  poHod  of  burning  wood  produces  sufficient  heat  to  evap- 
•<nk  §is  and  one-half  pounds  of  water,  and,  owing  to  the  M'aete, 
iuiukIi  larger  proportion  of  water  to  fuel  is  necessary  to  quench 
iGre. 

Fiw  pumps  are  generally  too  Bmall  for  the  work  required  of 
tbem,  five  hundred  gallons  per  minute  being  the  minimum 
capacity  recommended.  For  a  five-story  mill  there  should  be 
M  alliiwance  of  two  hundred  and  fifty  gallons  par  minute  for  an 
effectife  fire  stream  through  a  l.i-inch  nozzle,  and  for  lower 
Wldings  the  estimate  should  rarely  be  less  than  two  hundred 
g&Ilung  for  each  stream. 

Contniry  to  the  general  assumption  a  ring  nozzle  is  not  so 
efficient  as  a  smooth  nozzle,  the  relative  amount  of  discharge  of 
r  rin;;  and  sm->otli  nozzles  of  the  sami  diamatar  being  as  three  is 
tolbiir.  For  standpipcs  J-inch  nozzles  are  recommended,  but  for 
yard  hydrant  service  the  diameter  should  never  be  less  than 
1-mch,  and  1  |,-inch  generally  fulfils  the  conditions  of  best  service. 
It  is  important  that  the  couplings  on  the  hose  and  hydrants 
should  fit  those  of  the  public  fire  department.  The  best  diameter 
of  hose  is  2^-inehes;the  loss  by  friction  under  equal  deliveries  of 
mterbeing  only  one-third  in  a  2^-iuch  hose  of  what  it  is  in  a 
hose  2  inches  in  diameter. 

Fire  pumps  should  be  equipped  with  a  relief  valve  and  also 
*  pressure  gauge,  and  placed  where  they  will  be  accessible  under 
lU  circumstances,  and  so  connected  that  they  can  be  started  at 
kut  once  a  week. 

The  best  location  for  fire  pumps  is  a  matter  difi'ering  with  the 
conditions  of  each  mill,  but  they  should  be  situated  as  near 
to  the  source  of  supply  as  practicable,  with  full  size  suction  pipe, 
easy  of  inspection  and  not  containing  any  avoidable  bends. 

Is  a  steam  mill,  <t  is  sometimes  preferable  to  draft  the  water 
from  a  point  below  where  the  water  of  condensation  is  discharged 
into  the  stream,  as  there  is  leas  freezing  there  ;  in  mills  driven 


302 


HETHOrs  OF  REDUCma  THB  FIBE  X^OSB. 


bj  water-wheels  it  is  a  coDvenience  in  time  of  repairs  for  steam 
fire  pomps  to  draft  water  from  the  wheel  pit.  Kotary  fire 
pumps  should  have  a  short  draft,  but  not  placed  below  the  level 
of  the  supply. 


Fjo.  40. 

IVDHANT  nOLSB. 


Water  mains  about  a  mill  yarJ  should  be  of  ample  capacity 
not  to  cause  an  excessive  loss  by  friction,  their  diameter  bsing 
based  upon  a  limit  of  velocity  of  ten  feet  per  second  for  the 
maximum  delivery. 
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The  yard  hydrants  should  be  placed  at  a  distance  of  fifty  feet 
from  buildings,  and  covered  with  a  house  which  should  also  con- 
tain hose,  nozzles,  axes,  bars,  and  spanners.  Hydrant  houses 
are  made  in  a  great  variety  of  forms,  but  it  is  important  that  the 
doors  should  be  high  enough  to  avoid  ice,  or  that  the  house 
should  be  placed  upon  slight  mounds.  An  economical  hydrant 
house  may  be  built  six  feet  square  with  two  adjacent  sides  hung 
on  hinges,  so  that  the  doors  can  be  swung  around  to  the  other 
side  and  be  held  by  catches.  The  pins  on  which  hose  is  hung 
should  be  two  inches  in  diameter,  and  placed  diagonally  and 
staggered  in  two  rows.  If  there  is  no  hose  cart,  the  reserve 
hose  can  be  placed  on  shelves. 

Stop  valves  in  the  mains  should  be  covered  by  boxes  four  feet 
in  height,  and  the  direction  of  opening  clearly  marked  on  the 
hand  wheel  of  the  gate. 

Eesults. 

These  methods  of  supervision,  building,  and  equipment  do 
not  refer  to  any  ideality,  but  to  measures  which  have  been 
widely  carried  into  effect  for  the  purpose  of  reducing  the  fire  loss  ; 
the  result  of  such  action  being  to  diminish  the  cost  of  insur- 
ing industrial  property  engaged  in  such  normally  hazardous 
processes  as  textile  manufacture  and  other  industries,  down  to  a 
vt^arlv  cost  of  less  than  one-fourth  of  one  i)or  cent.  This  has  been 
accomplished  l)y  the  consideration  of  sources  of  danger  and  their 
abatement,  and  by  a  course  which  luis  l)een  in  lino  with  sound 
•  ugineering  piinciples,  and  also  ])ractical  methods  of  manufac- 
ture; and  it  has  thus  been  proved  that  it  is  cheaper  to  prevent 
a  fire  than  to  sustain  a  loss. 

There  has  been  no  attempt  made  to  credit  individuals  with 
their  sliare  in  these  features  of  mill  development.  They  have 
been  the  outjj^rowth  of  a  continual  profiting  by  experience,  ado])t- 
lU}:,'  some  features  and  modifying  others.  The  concurn^nt  action 
''^  the  lar^e  number  of  minds  engaged  on  the  same  problem  has 
I'll  to  duplication  of  methods  ;  but  the  whole  progress  has  been 
aniatter  of  slow,  steady  growth,  advancing  l)y  hairs'  l)readths, 
'1^  the  result  of  persistent  efforts  to  adapt  means  to  ends  in  olie 
t'liJeavor  to  reduce  the  cost  of  manufacture. 

DISCUSSION. 

J//'.  Fir-'hricl'  firiunrU. — The  author  has  failed  to  make  it  ([uite 
clear  as  to  the   length  of  time  during  which  was  elfected  the 
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saving  by  automatic  sprinklers  to  which  he  alludes.  He  Bpeoks 
of  saving  six  millions  of  dollars.  Of  course,  to  make  apparent 
the  value  of  an  apparatus,  he  ought  to  couple  Trith  that  state- 
ment the  number  of  properties  in  which  fires  have  occurred  and 
the  time  during  which  this  six  million  dollars'  saving  was 
effected. 

One  statement  which  is  made  would  convey,  I  think,  rather  a 
wrong  impression.  The  danger  or  liability  of  water  damage  is 
alluded  to  in  the  use  of  automatic  sprinklers  in  property  in 
general,  and  it  is  stated  that  statistics  were  obtained  to  ascertain 
what  this  probable  loss  liad  been  during  a  given  period  of 
years.  The  statistics  which  were  obtained  show  a  loss  of  two 
dollars  and  some  cents  per  annum  for  each  sprinkler  plant  or 
installation.  This  average  loss  was  obtained  by  dividing  the 
aggregate  loss,  which  a  laige  number  of  parties  reported  as 
having  taken  placo  in  their  premises,  by  the  whole  number  of 
installations  of  automatic  sprinklers.  Now  that  total  number 
of  installations  included,  I  think,  some  four  or  five  different 
kinds  of  sprinklers,  and  of  the  total  number  certainly  three- 
fourths  were  of  one  single  kind  of  sprinkler  which  is  acknowl- 
edged to  be  specially  free  from  any  danger  of  leakage  or  of 
breaking  open.  Therefore  tlie  low  average  loss  obtained  by 
taking  into  account  the  large  number  of  installations,  where 
there  had  been  practically  little  or  no  loss,  would  give  a  wrong 
impression  as  to  the  relative  liability  of  loss  with  the  different 
sprinklers  which  were  in  use,  although  it  is  correct  as  repre- 
senting the  general  liability  of  loss  with  all  apparatus  used. 

Mr.  ScoU  A.  Smith. — In  reference  to   the'sketch  of  fire-proof 
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I  iaois,  I  think  I  may  meutiou  somethmg  of  interest— that 
lilt  Corliss  Safe  Door  &  Vault  Company,  of  Providence,  make  a 
'  ieatiiv  door  of  two  plates  of  wrought  iron,  which,  when  it  ia 
I  Aia,  lias  movable  flimges,  which  latter  are  thrown  out  into 
^s  around  the  four  edges  of  the  doors,  making  a  practically 
|.  iir-ligbt  joint  through  which  hot  air  cannot  go  (Fig,  97).  They 
I  fc»»PiJi!uie  a  large  number  of  these  doors  for  fire-proof  vaults 
I  for  banks  and  bankers.  No  doubt  it  is  a  practical  door  for 
I  millB  and  workshops. 

Mr.  ]V.  S.  fio:/erf>. — There  is  one  paragraph  in  Mr.  Woodbury's 

I  pi|wr  which  strikes  me  with  a  great  deal  of  force,  and  it  is 

niwre  I  did  not  expect  to  see  it — in  a  paper  on  siich  a  subject 

e  thii  "Reducing  of  the  Fire  Loss."     He  says  :  "I  think  the 

f  betit  act  ministration  of  an  establishment  does  not  appear  to  be 

thai  wiiere   the   manager   tries   to   do   everything   himself,  bo 

■iniic!i  a»  it  is  where  he  does  not  do  anything  that  some  one  else 

.11  di)  just  as  well  for  him  and  perhaps  Vietter."     That  recalls 

a  little  incident.     I  once  went  into  a  shop  where  there  was  a 

sign  wLi«h  had  been  put  there  by  the  old  superintendent,  and 

(I  said, "  These  bnckets  must  not  be  used  for  any  purpose  except 

vJiesonly,"  but  there  was  not  a  bucket  in  the  shop.     If  he  had 

'  l»t  tried  to  see  to  all  that  himself,  and  had  left  it  to  some  one 

.^iiiild  have  done  it  better,  the  buckets  Houid  probably  have 

Iteen  there. 

id'.  James  SfcBri'k. — I  notice  another  suggestion  in  the 
anthor's  paper  regarding  the  organization  of  a  fire  department 
"fflOQg  the  employees  of  the  premises,  and  that  they  should  be 
drilled  under  the  supervision  of  foremen  of  different  depart- 
ffots.  I  recall  one  instance  wliere  a  large  manufacturing 
establishment  in  the  city  of  Brooklyn  had  its  employees 
drilled  as  a  fire  department,  and  the  proprietor  gave  exhibition 
drills  there  very  frequently  to  show  his  friends  how  quickly  he 
fonld  put  out  a  fire.  Finally  he  had  a  fire,  and  his  volunteer 
wpartmeut,  instead  of  flying  to  their  posts,  flew  out  of  the  build- 
in;;  and  his  whole  place  was  consumed.  He  then  made  applica- 
tion to  the  Fire  Department,  and  adopted  every  possible  means 
be  could,  such  as  telegraphs,  signal  boxes,  etc.,  for  the  purpose 
of  getting  protection  from  the  department.  He  thought  it  was 
wtter  to  depend  upon  the  men  who  were  paid  for  doing  fire 
*ork  than  to  depend  on  his  own  employees. 
Prof.  J.  E.  Stoeei. — I  think  Mr.  Woodbury  will  thank  me  for 
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calling  the  attention  of  the  Society  to  one  point  set  forth  in  h 
paper,  which  is,  the  importance  of  having  a  sufficient  supply 
water.  There  was  a  wagon-shop  at  Syracuse,  supplied  wii 
automatic  sprinklers,  and  one  day  a  fire  took  place.  The  aut 
matic  sprinklers  had  reduced  it  so  that  no  blaze  was  visih 
The  Fire  Department  came  on,  coupled  their  hose  to  the  h 
drants,  threw  all  the  water  their  mains  would  supply  on  the  oi 
side  of  the  brick  walls,  while  the  fire  raged  within.  In  otl 
words,  the  Fire  Department  took  the  water  away  from  t 
automatic  sprinklers,  and  the  building  burned  to  the  ground 

Mr.  Henry  R.  Toimie. — Professor  Sweet's  reminiscence  prom] 
me  to  relate  another,  as  illustrating  the  possibility  of  having 
much  water  in  case  of  fire.  In  my  own  establishment,  a  numV 
of  years  ago,  we  had  a  fire  occurring  from  spontaneous  co 
bustion  in  a  shed  used  for  the  storage  of  combustibles,  chie 
oils  and  varnishes,  and,  in  the  absence  of  good  leadership,  t 
men  attempted  at  first  to  fight  the  fire  with  water.  The  res 
was  that  the  water  flowed  out  over  the  ground,  the  oil  floated 
the  water,  and  the  fire  was  thus  carried  a  considerable  distan 
That  experience  taught  us  to  make  provision  whereby,  in  i 
event  of  fire  among  combustible  materials  which  are  i 
quenched  by  water,  they  should  not  be  fought  by  using  wat 
The  remedy  is  a  very  simple  one.  It  consists  simply  in  maki 
the  shed  or  house  for  storing  such  materials  with  a  pit  two 
three  feet  deep,  and  preferably  with  brick  walls,  although  e\ 
wooden  ones  would  do,  the  voluine  of  the  pit  being  sufficient 
hold  the  contents  of  all  the  barrels  and  cans  stored  in  it,  so  th 
in  the  event  of  fire  and  the  bursting  of  the  barrels,  the  flui 
would  be  retained  in  the  pit  until  they  had  burnt  themselves  o 
If,  in  such  a  case,  an  attempt  is  made  to  extinguish  the  flam 
the  proper  material  to  use  is  not  water,  but  sand  or  dirt. 

Mr.  F.  IL  iMforfje, — There  is  one  point  which  the  author  1 
not  l)rouglit  out  in  his  paper.  I  have  noticed,  in  different  fac 
ries,  where  they  have  the  best  appliances  for  preventing  fi 
I  think  I  can  say  almost  universally,  there  are  two  sources 
water-supply  connected  with  the  system.  Am  I  not  right,  IV 
Woodbury  ? 

Mr.  Woodhf/Tf/. — Yes,  sir;  and  the  necessity  of  two  sources 
water-supply  to  automatic  sprinklers  is  stated  in  the  paper. 

Mr,  Arahx'W  C,  CampltelL — I  would  like  to  add  a  few  wor< 
which  I  think  Mr.  W.  F.  Durfee  would  supply  were  he  presei 
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Rkiye  lo  tliiB  matter  of  preventing  serioua  fires  where  highly 
idunmable  matenals  are  present.  8ume  time  aince  a  tire  wae 
fUrtal  through  carelessness  in  tlie  japan  room  of  the  "Wheeler  & 
ffikiu  Manufacturing  Company's  factory,  which  reBulted  in  the 
fateuction  of  tlie  boihling.  Mr.  Durfee  was  called  upon  as 
Mpneer  to  design  and  erect  the  new  building,  and  he  so  arranged 
■it  that  the  several  dipping  tanks  ami  barrels  of  japan  are  each 
InateJ  in  a  separate  brick  fireplace  provide<l  with  a  cliimney. 
Wlere  the  fireplaces  open  into  the  room  they  are  provided  with 
lertieally  sliding  fire-proof  doors.  The  tops  of  tlie  several  chim- 
Un  lire  provided  witli  covers  to  keep  out  rain,  and  so  over- 
bidanoed  that  they  tend  to  fly  opeiL  These  covers  are  kept 
■nlflBed  by  au  attached  string  which  extends  downward  within 
itte  uhimney,  and  so  secured  that,  in  the  e^ent  of  a  fire  in  any 
pak,  the  string  would  burn  and  open  the  chimney  top,  at  the 
Hme  tune  releasing  and  dropping  the  sliding  door  at  the  base, 
'ttins  allowing  the  fire  to  burn  itself  out  without  other  damage, 
occurred  to  teat  the  value  of  this  method 
no  doubts  exist  as  to  its  efficiency. 
think  the  main  cause  of  fire  or  the 
the  night-watchman,  or  the  man  in 
eharsje,  d^ea  not  havf  sufficient  preseTice  of  mind  or  body  to  put  it 
ont  when  it  starts.  If  we  put  a  little  more  money  in  our  night- 
watchmen,  we  would  not  have  so  many  fires.  Comparatively 
fe*  fires  occur  in  the  day-tirae.. 

Eight  or  nine  years  a^o  I  had  charge  of  a  wood-working  ea- 
tablisbment.  There  were  some  six  or  eight  rooms  in  it.  At 
that  time  the  gasoline  stove  was  a  new  tiling,  and  it  was  sup- 
posed to  be  very  safe.  We  used  those  stoves  for  heating  the 
glae.  We  liatl  perhaps  fourteen  or  fifteen  gasoline  staves  of 
various  kinds.  We  never  had  a  serious  fire  there,  although 
scarcely  a  week  would  pass  when  we  did  not  have  a  dangerous- 
looting  fire.  We  Lad-  a  big  cloth  in  each  room,  and  had  the 
"len  drilled  so  that  when  one  of  those  stoves  exploded  they  would 
go  and  put  the  fire  out  with  the  doth.  I  noticed  that  in  a 
wrioas  fire  which  we  did  have  afterward  (after  :ive  got  rid  of  the 
p»sohne  stove  and  put  in  steam  and  other  things  which  were  not 
supposed  to  be  in  anything  but  safe  condition!,  it  was  because 
tlie  nif^ht- watchman  did  not  know  enough  to  put  the  fire  out  when 
'tstarted,  but  had  to  go  quite  a  long  way  and  get  a  policeman 
to  show  him  how  to- get  the  fire-bos  open  and  turn  on  the  alarm. 
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Mi\  A,  A,  Gary, — Some  mention  has  been  made  of  missic 
fire-pails.  I  visited  George  Corliss'  works  a  short  time  ago  ~ 
Providence,  and  found  that  they  had  dispensed  with  all  shelve 
and  instead  had  a  large  number  of  hooks  on  wbich  were  hua 
pails  witb  a  round  bottom  which  could  not  conveniently  be  usm 
for  washing  up  or  any  other  purpose  than  that  for  which  th  * 
were  designed. 

Mr.  C.  e/.  H»  WcMjilhni'ij. — In  reply  to  the  questions  and  remar- 
made  in  the  course  of  the  discussion,  I  would  submit,  first, 
reply  to  the  first  speaker,  that  the  details  of  the  data  which 
asks  for  in  respect  to  the  economic  results  of  automatic  sprin 
lers  are  contained  in  full  in  the  paper,  and  were  only  omitted 
order  to  comply  with  the  brevity  necessary  in  reading  the  pap< 
I  certainly  disclaim  any  desire  to  make  a  wrong  impression  rel 
tive  to  the  liability  of  water  damage  from  automatic  sprinkler 
and  the  measure  of  such  damage  is  shown  by  the  average  of  tl 
whole  number  of  accidents  resulting  from  the  presence  of  aut< 
matic  sprinkler  systems  in  buildings.  There  were,  it  is  tru 
several  different  kinds  of  automatic  sprinklers  included  in  tl 
plants  on  which  the  investigation  was  made,  and  it  is  concede 
that  there  are  different  degrees  of  liability  to  leakage  by  wat< 
pressure  in  the  various  sprinklers,  whatever  that  difference  mi 
be.  The  results  of  the  investigation  show  that  for  the  groui 
covered  the  amount  of  damage  from  leakage  was  very  smalL  < 
the  375  instances  of  leakage  reported  only  58  were  due  to  tl 
inability  of  the  sprinkler  to  withstand  water-pressure,  the  i 
maining  317  instances  of  leakage  being  due  to  various  acciden' 
such  as  freezing,  breaking  of  belts,  and  blows  from  machinei 
mishaps  in  wbich  the  construction  of  the  sprinkler  bore  no  pa 
whatsoever. 

The  relative  characteristics  of  various  automatic  sprinklers 
respect  to  sensitiveness  to  beat,  efficient  distribution  of  wati 
and  resistance  to  leakage  are  in  many  instances  apparent  < 
examination  by  any  good  mechanic ;  at  all  events,  informati< 
on  these  sul)jects  is  readily  accessible  elsewhere.  It  shou] 
however,  be  stated  that  there  are  numerous  kinds  of  automal 
sprinklers  in  the  market  which  were  not  installed  in  the  pro 
erty  from  which  these  facts  were  taken,  by  reason  of  defects 
such  sprinklers,  principally  the  inability  to  resist  continuo 
water  pressure  and  also  the  impact  of  water  hammer. 

Some  sprinklers  have  not  been  widely  introduced,  and  thei 
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im  bsve  not  been  ex^wsed  to  aa  many  mifthaps  as  others ;  tliiis 
iditwion  vf  these  results  among  the  different  automatic  sprink- 
len  reported  upon  would  have  only  produced  a  multiplicity  of 
figemvithout  entabliRhiiig  an^'thiug  beyond  individual  dis- 
tUctioaB. 

The  instauct)  cited  by  another  speaker  re8pectin^  the  failure 
<ii&Te  organization  appears  to  he  an  iudiL-tment  against  the 
nuiiagemeat  of  that  particular  organization,  and  not  against  fire 
utjMiaitifjns  in  general ;  for  it  goes  without  saying  that  any 
luchinery,  whether  it  be  fire  apparatus  or  that  used  in  the  gen- 
eral coudnct  of  an  estaltliahment,   cau  be   better  managed  by 
thow  ffho  are  practised  in  it  and  who  liave  full  and  personal 
bnirlec^  of  all  the  details  o(  the  property,  rather  than  by  call- 
ing iu  strangers  with  all  the  rush  and  confusion  incident  to  a 
in  aUniL     The  facts  bear  me  out  in  this  opinion,  as  the  analysis 
odnilltirf!*  for  a  noriesof  years  ahoAvs  that  the  large  losses  have 
mt  Wen  due  to  a  lack  of  wiiat  would  be  considered  ade<|uate 
ijipimtns,  but  to  a  lack  of  systematic  and  skilled  management 
if  that  apparatus,  either  at  the  time  of  the  tire  or  in  keeping  it 
in  guod  ordur  ready  for  use  at  such  time.     A  mill  iire-organiza- 
I  tioii  ouiuot  be   made  merely  by  posting  the  names  of  a  lot  of 
1  with  aHsignmenta  to  various  positions,  Init  there  must  be 
systematic  drill  io  the  duties  which  may  be  required  of  them, 
ntliout  any  of  the  fuss  and  feathei's  which  was  such  a  serious 
'iefect  in  the  volunteer  fire  companies  of  years  ago,  and  may 
eiist  to-ilay  in  town  fire  companies. 

I  must  take  exception  to  the  statement  of  Mr,  Gobeille,  that 
ffff  fires  occur  in  the  day-time.  An  experience  for  thirty-two 
jears  shows  that  three-fourths  of  the  mill  fires  occur  iu  the  day- 
lime,  hut  that  three-fourths  of  the  losses  occur  in  the  night ; 
thus  the  average  night  fire  for  that  period  of  years  was  nine 
hmeHas  great  as  the  average  day  fire,  the  cause  of  this  difi'erence 
wing  the  presence  of  the  help  to  extinguish  the  numerous  fires 
incident  to  manufacturing  processes  occurring  duiing  working 
Wrs.  During  recent  years,  this  diff.>rence  betsveen  night  and 
osv  fires  has  been  largely  reduced  by  the  action  of  automatic 
sprinklers,  which  are  of  course  as  efficient  in  tlieir  action  by 
niglit  as  by  day,  and  also  constitute  an  automatic  fire  alarm  for 
those  on  the  premises. 

With  regard  to  the  remarks  relative  to  the  tire  pails  with  the 
hemispherical  bottom,  it  is  true  that  such  ]iails  are  not  suited 
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for  other  than  Ere  purposes,  and  some  forms  of  them  are 
very  convenieat  even  in  such  instances,  because  the  hemis|: 
covers  the  whole  bottom  of  the  pail,  and  the  course  of  the  ^ 
cannot  be  directed  by  the  hand  any  more  than  that  of  a  too  ] 


size  of  ninepin  ball.  However,  in  some  styles  of  these  pail 
hemispherical  bottom  does  Dot  reach  the  edges,  which 
chines  like  an  ordinaiy  pail,  and  the  course  of  the  water  thi 
from  the  pail  eau  in  like  manner  be  directed  as  in  an  ordi 
pail  (Fig.  96). 
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^  CCCLXXIII. 

THE   COMPAIUSON   OF  IXDICATORS. 

(Uember  ot  Qa  Soctut]'.) 

r  The  question  ofteu  arises  as  to  which  of  two  indicators  is  the 
I'ss'iaiid,  thus  stated,  it  may  seem  o.  simpler  and  more  definite 
qoestioL  than  it  is.  To  make  it  definite,  however,  it  must  be 
™">fn  for  what  particular  use  the  instruiaeDt  is  to  be  "  the  best/' 
""■  liie  possibility  must  be  evident  a  priori  that  one  indicator 
'  ^lit  be  the  best  for  one  purpose  und  another  for  a  different  use. 
MIT  an  indicator  may  be  used  for  three  things  : 
1")  To  obtain  tlie  area  of  the  tme  card,  as  representing  the  work 
I  done  per  stroke, 

(i)  To   obtain   the    pressure  as   some  particular  point  of   the 
^  Stroke, 

(f)  To  obtain  the  sliape  of  the  true  card,  as  indicating  the  con- 
ditioQ  and  action  of  the  steam  and  various  parts  of  tlie  engine. 
Itiloesnot  follow  that,  because  one  indicator  is  superior  to  another 
fcroDe  of  these  uses,  it  is  so  for  the  other  two. 

There  are  also  various  features  in  the  construction  of  the  indi- 
Mior,  which  must  be  carefully  examined  and  compared  before  a 
forrect  judgment  ot  the  merits  of  the  instruments  can  be  made. 
tniifining  what  follows,  for  simplicity  and  brevity,  to  the  ordiuary 
forms  of  instrument  and  leaviuf]!  out  of  consideration  special  forms, 
ileYised  by  others  and  by  myself,  the  following  features  of  con- 
slruetioQ  in  the  indicator  and  its  connections  will  affect  the  accu- 
'^'y  of  tiie  instrument  in  one  or  more  of  the  points,  (a)  {h)  (c), 
ffieniioned : 
(1)  Uniformity  of  the  spring, 

i2l  Parallelism  of  the  piston  movement  to  the  cylinder, 
l3)  Uniformity  of  the  pencil  movement, 
(■1)  Parallelism  of  the  pencil  movement  to  the  drum  axis, 
(a)  Accuracy  of  the  drum  motion, 
1,8)  Phase  of  the  drum  motion, 
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(7)  MasB  of  the  parts  .iiid  its  illstribution,  iiud  ibe  streugth  i 
the  spring, 

(8)  Friction  of  the  piston  and  peiicil  movemeuts, 

(9)  Loat  motion. 
"  (1)  A  spring  can  be  investigated  and  the  card  corrected  for  any  ^ 

lack  of  uniformity  discovered. 

(2)  The  parallelism  of  the  piston  movement  depends  mainly 
upon  the  way  in  which  it  is  attached  to  the  spring.  The  ideal 
piston  should  remain  parallel  to  the  uyliuder  throughout  its 
motion,  independent  of  any  restraining  action  of  the  latter  upon 
it,  but  the  actual  piston  is  raoro  or  less  guided  by  the  cylinder,  by 
which  action  a  variable  friction  is  caused.  ■  The  cyhnder  guides  it 
in  two  ways :  First,  it  compels  the  piston  to  slide  along  parallel  to 
itself,  wliereas,  were  the  cylinder  absent,  the  piston  would  gener- 
ally follow  a  different  path ;  second,  it  oonjpels  the  piston  to 
remain  constiintly  with  its  axis  parallel  to,  or  coinciding  with,  the 
axis  of  the  cylinder,  except  in  so  far  as  the  looseness  of  the  former  , 
may  allow  of  its  tipping  a  little  so  ns  to  make  a  slight  ang^ 
between  the  axes  of  the  piston  and  cylinder. 

The  tendency  of  the  piston  to  leave  the  exact  center  of  thft' 
cylinder  and  press  against  the  sides  of  it  ie  caused  by  the  obliq-1 
uity  of  the  link  connecting  it  with  the  pencil  movement,  whioh  I 
may  generally  be  neglected,  and  by  the  action  of  the  spring  itselfyj 
if  improperly  connected. 

Figures  4L  to  44  illustrate  such  a  method  of  connection.  In  I 
41  the  spring  is  supposed  to  be  under  no  compression  and  its  eniJfl 
are  attached,  at '(.  to  the  cylinder  cover  and  at  h  to  the  piston,  in 
such  a  manner  as  to  make  a  perfectly  vii;id  union,  such  as  would 
be  made  by  entering  the  ends  into  holes  and  brazing  them  fast. 
Such  a  connection  has  the  etTect  of  fixing  the  angle  it,  at  whioh, 
under  all  conditions  of  the  spring,  it  must  meet  the  cylinder  head 
and  piston. 

Fig.  42  shows  the  effect  of  a  simple  compression  of  the  spttatf; 
when  not  confined  by  the  walls  of  the  cvlinder,  and,  as  steal 
could  not  be  applied  in  this  case,  it  may  be  supposed  to  be  cauBe 
in  some  other  way,  say  by  making  the  piston  6  of  iron,  andattraobi 
ii^  it  upward  by  a  magnet  placed  above  it,  or  by  pulling  it  up  by  a.- 
cortl,  as  indicated  by  the  force  (arrow")  shown,     h  must  then  stand 
not  directly  beneath  «,  because  the  compression  hiis  reduced  the 
pitch  of  the  spring  without  a  con-esponding  dimiuution  of  the 
;le  a,  which  has  remained  constant.     Drawing  (hen  the  spring  J 
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"itVi  the  reduced  pitch  it  must  bo  tipped  to  one  side,  as  shown 
L  m  tlie  figm'e,  in  order   that   it  m&y  meet  a  and  b  at  the  fixed 

?ig.  43  is  tbftwn  on  the  supposition  that  tlie  jiiston  is  now  pulled 
^  tbe  loft  bj  the  lioiizontal  force  shown  until  it  is  directly 
Wftnth  a,  and,  In  addition  to  the  uniform  torsion  which  exists 
ftnragtont  the  wire  of  the  spring  in  Fig.  42,  the  wire  will  be  bent 
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"ODiewbat,  so  thiit  tlie  spring  will  assume  the  curved  form  shown. 

In  consequence  of  this,  the  piston  will  lose  its  vertical  position  and 

indine  to  one  side,  as  iu  the  figure. 

fig.  44  shows  the  piston  brought  back  again  in  line  with  a.  To 
accomplish  this,  two  equal  and  opposite  forces,  constituting  a 
*otiple,  have  been  introduced,  as  shown.  The  piston  now  being 
in  position  to  fit  tlie  cylinder,  it  may  he  supposed  to  be  in  its 


314  THE   COMPARISON   OF  INDICATORS. 

usual  place  thereiu,  so  that  the  force  to  compress  the  spring  ii 
represented  iu  the  figure  as  furnished  by  the  steam  beneath  thi 
piston,  while  the  horizontal  forces  are  furnished  by  the  walls  of  th* 
cylinder,  against  which  the  piston  presses  at  the  points  c  and  d. 

With  this  method  of  attaching  the  spring,  therefore,  the  pisto* 
binds  in  the  cylinder  somewhat  harder  on  one  side  than  on  tt 
other,  and  thus  causes  friction,  which  increases  as  the  spring 
compressed.  The  limits  of  this  paper  prevent  a  discussion  — 
duplex  springs  and  other  methods  of  attachment ;  the  methc: 
discussed  being  chosen  mainly  as  an  illustration  of  the  points  M 
be  considered  in  discussing  the  attachment  of  springs. 

(3)  and  (4).  Uniformity  and  parallelism  of  the  pencil  movemeK 
depend  upon  the  geometrical  nature  of  the  pencil  mechanism,  am 
will  not  be  discussed  further  than  to  say,  that  any  inaccuracies  i 
these  respects  can  be  ascertained  by  experiment  or  calculatioi 
and  corrections  made  therefor. 

(5).  The  accuracy  of  the  drum  motion  does  not  depend  upoi 
the  indicator  itself,  but  upon  the  method  of  connecting  it  with  tb( 
engine.  It  is  mainly  a  geometrical  question  and  one  but  littb 
understood,  to  judge  from  the  numerous  radically  bad  and  care 
lessly  made  connections  in  frequent  use.  This  subject  will  b 
passed  over  so  far  as  it  is  a  geometrical  one  with  the  statemen 
that,  like  other  geometrical  inaccuracies,  the  errors  resulting  there 
from  may  be  calculated  or  found  by  experiment  and  allowed  foi 
The  experimental  determination  of  the  error  would  consist  in  set 
ting  the  piston  of  the  engine  in  a  number  of  positions  and  causini 
the  indicator-pencil  to  describe  a  vertical  line  on  the  card  for  eacl 
position  ;  if  the  positions  of  the  piston  are  equidistant,  the  lines  oi 
the  card  should  be  the  same,  and  such  a  test  should  be  made  i: 
all  cases  where  there  is  not  an  absolute  certainty  that  thereducini 
mechanism  is  geometrically  perfect. 

When  cords,  however,  are  introduced  into  the  reducing  mechan 
ism  which  actuates  the  drum,  there  is  liabilitv  to  an  error  whicl 
does  not  depend  upon  the  geometrical  nature  of  the  mechanism 
but  upon  the  elasticity  of  the  cord. 

An  important  mechanical  principle  underlies  the  action  of  th 
drum,  and  the  same  principle  affects,  as  will  be  seen  later,  th 
dynamic  action  of  the  spring,  piston,  and  pencil  connections. 

It  is  necessary  to  the  ideal  action  of  the  drum,  that  its  naturs 
speed  of  oscillation  should  agiee  properly  with  the  speed  of  th 
engine,  and  every  drum  and  spring  have  their  own  period  of  osei] 
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km.  To  ascertain  this,  the  spring  should  be  made  fast  to  the 
dna,  instead  of  being  simply  hooked  to  it,  aud  the  drum  should 
tutaotinted  upoD  centers  so  that  it  may  osoillate  with  little  fric- 
titiD,  When  the  spring  and  drum  are  so  proportioned  to  each 
ctbflf  tlmt  they  have  the  same  lime  of  oscillution  as  the  engine, 
the  motion  of  the  drum,  if  there  be  no  friction,  will  agree  witli  the 
motion  of  the  engine ;  /.  e.,  the  drum  will  reverse  at  exactly  the  same 
inslant  as  the  engine  does,  and  a  cord  conveying  motion  to  the 
dmni  will  remain  uniformly  stretched,  so  that  there  will  be  no 
ckaige  of  amplitude. 

The  natural  time  of  oscillation  is  the  same  whether  the  spring 
Watlaelied  firmly  to  the  drum  and  the  drum  be  tree  to  osoillate 


iiKonfiiied  by  a  cord,  or  whether  the  spring  be  hooked  to  the 
arain  and  the  latter  drawn  permanently  out  of  its  position  of  rest 
"1  a  tightly  stretched  cord.  To  make  this  clearer,  suppose  a  sim- 
ple mass  m,  Fig.  45,  attached  to  a  spring  and  supported  by  a.  long 
^'fiDg,  so  that  it  is  tree  to  oscillate  horizontally  uninfluenced  by 
Bfavity.  If  the  mass  be  now  drawn  a  distance  a  to  the  right  and 
settee,  it  will  oscillate,  under  the  action  of  the  spring,  between 
'»o  positions  equidistant  from  and  on  opposite  sides  of  its  central 
position,  or  position  of  rest,  and  the  distance  2i  between  these 
^0  estrerae  positions  is  the  amplitude  of  its  oscillation.  Call 
'he  time  or  period  of  its  complete  oscillation  t,  i.  e.,  the  time 
f^qnired  for  its  return  to  the  position  at  which  it  was  set  free. 
Suppose  again  that  the  same  mass  be  suspended  from  the  ceiling 
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by  the  same  spring,  as  in  Fig.  46,  tlie  weight  of  the  timss  v 
stretch  the  spring  ns  shown,  (ind  if  the  mass  he  suppo^-ed  to  t 
unit   of  mass,  the  tension   in   the  spring  will  he  about  32  Ib< 
wliereaa  in  the  central  position  in  Fig.  45  the  tension  is  zero,     Nov 
let  the  suspended  muss  be  either  raised  or  piilleil  down  a  distaoot 
a  from  its  natural  posih"u  and  set  free,  it  will  vibrate  verticallyj 
precisely  the  same  as  it  before  vibrated  horizontally,  (' 
time  i  will  be  the  same  and  the  amplitude  2'f  tbe  same.     Siippoag 
that  IQ  Fig.  45  tbe  teusiou  of  the  spring  nhen  extended  a  to  tbt 
right  is  10  lbs.,  and  wbeii   comjiressed  a  to  the  left,  —  10  lbs,,  tb) 
minus  sign  indicating  that  the  leusion   is  coiu|jrensiou,  then  i 
intermediate  points  the  force  of  the  spring  will  be  proportionate 
to  the  distance  of  the  mass  from  its  central  position.     The  same 
is  true  when   the  mass  is  suspended,  except  that  all  the  tensions 
must  have  32  lbs.  added  to  them,  so  that  at  the  extreme  uppat  J 
position  tho  tension  of  tlie  spring  is  32  +  { —  10)  —  22  ;  at  thell 
central  point,  32  +  0  =  ;^2  ;  at  the  lowest  point,  32  -^  10  =  42,  audi 
at  any  intcrmediatt'  point  if2  +  an  amount  pi-oportionate  to  the4 
ilistauce  of  the  mnsR  below  its  central  position,  distances  aborttJ 
being  regarded  as  minus. 

Suppose  in  tlie  third  phice  that  the  mass  and  spring  are  ngalaS 
arranged  to  oscillate  hori/.onfiUly,  (see  Fig.  47,  in  which  the  mass  ift  1 
supposed  to  l»e  supported  by  a  frictionless  plane,  instead  of  bein^^ 
suspended,  as  in  Fig.  46.)  and  that  the  mass  be  drawu  out  of  its>] 
central  position  by  a  constant  force  of  32  lbs.,  its  in  Fig.  46.     Uudar  tj 
these  couilitions  the  circumstances  of  the   oscillaliou  will  be  thd 
same  as  in  Fig,  46.  witli  the  exception  that  it  will  now  be  horizontal. 
In  Fig.  47.  i  is  a  strong  spring  which  will  bear  32  ll)s.  tension  with 
a  small  increase  in  length  ;  </  is  a  sliding  bar  with  a  cross-slot  in 
which  the  crank  c  works  and  gives  the  bar  a  stroke  2a  in  length. 
If  now  the  crank  be  rotated  in  tlie  time  /,  that  is,  in  the  time  in 
which  the  spring  and  mass  naturally  oscillate,  then  ihe  bar  and 
the   mass  may  oacilnte   in   unison,  and  the  spring  h  be  stretched 
by  the  constant  force   of  32   lbs.,  so   that  an  luestennible   cord 
might  take  its  place.     As,  however,  nil  cords  are  elastic,  they  are 
properly  represented  by  the  spring  h,  and  tlie  arrangement  in  Fig. 
47  corresponds  with  an  indicator-drum  acted  upon  by  its  spring, 
and  connected  by  a  cord  with  the  cross-head  of  hu  engine. 

If  the  crank  be  revolved  in  a  greater  or  less  time  than  t,  the 
'  nuiss  will  be  compelled  to  follow  ir,  and,  therefore,  to  change  its 
■  period  of  oscillation  and,  in  conseqnenre.  a  change  in  the  amplitude 
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liU  occur.  If  the  mass  be  made  to  oscillate  iu  a  time  greater  tliau 
/.the  forge  supplied  to  it  at  each  point  of  its  patb  must  be  less 
Uuu  tbti  spring  s  would  supply,  which  will  be  the  case  if  the 
igisnitablj  changes  its  teusiou ;  thus,  suppose  that  in  the 
eibreoieleft  position  h  has  shortened  sulUcieDtlj  to  lower  its  teu- 
siontoiil  lbs.,  aud  fit  the  extreme  right  that  it  has  lengthened  so 
ii  to  mcrenae  its  tension  to  33  lbs.,  while  iu  the  central  position 
no  rJiange  has  oecuretl ;  aud_9uppose  that  the  alight  change  in  the 
poeitiims  of  the  mass,  due  to  the  change  in  the  length  of  h,  be 
aeglectetl  so  far  as  affects  the  tension  in  »,  so  that  the  tensions  iu 
tbe  tbree  positions  mny  be  taken  as  above  calculated,  i.  e.,  at  22, 
33,  aoil  42  Ibti. ;  then  the  force  urging  the  mass  to  the  right  and 
ousiagthe  oscillation  being  the  difference  of  the  tensions  of  the 
springs,  is  31  -  22  ^  9,  32  -  32  =  0,  and  33  -  42  =  -  9  for  the 
tliree  principal  positions  and  proportionate  amounts  for  inter- 


Fig  4' 


Diediate  ones,  wliich  force  will  require  a  time  gi'eater  than  t  to  (>ro- 
lince  an  oscillation  of  the  mass. 

The  effect  on  the  amplitude  will  be  to  decrease  it  by  an  amount 
ajual  to  the  change  of  length  in  h,  due  to  the  change  of  tension 
from  HI  to  33  lbs,,  which  occurs  during  an  oscillation  ;  and  in  the 
same  way,  if  the  mass  be  forced  to  oscillate  in  a  less  time  than  i, 
llie  amplitude  will  be  increased,  the  spring  b  being  stretched  to  a 
greater  tension  than  32  lbs.  at  the  extreme  left,  and  to  a  less  ten- 
sion at  the  extreme  right,  so  as  to  make  the  force  actuating  the 
mass  greater  than  tliat  required  for  an  oscillation  iu  the  time  t. 

With  au  actual  indicator  and  cord  connection  the  change  in 
iimplitnde  will  be  greater  or  less  ns  the  cord  is  longer  or  shorter. 
Change  of  amplitude,  however,  ia  not  particularly  objectionable, 
proriding  the  motion  of  the  drum  remains  a  sufficiently  exact 
reduction  of  the  piston  molion,  which  has  been  supposed  to  be  the 
case  in  the  above  treatment,  so  that  all  discussion  of  slight  dis- 
(nrbances  introducing  harmonics  has  been  avoided.  The  motion 
of  the  piston  has  also  been  supposed  hannonic,  as  represented  in 
Fig.  47.     When  the  piston  motion  is  not  harmonic,  as  is  ordinarily 
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the  case,  a  long  striog  will  allow  the  drnm  motion  to  depart  from  -^ 
the  exact  reduction  of  the  piston  motion  so  as  to  become  more-^ 
like  the  natural  harmonic  oscillation  of  the  drum.  .  With  some^^ 
eugines  having  short  connecting  rods  this  would  be  a  point  requir — 
ing  investigation  as  to  the  accuracy  of  the  card  if  a  long  strii^ — 
connection  were  used. 

It  sometimes  happens  with  a  weak  drum-spring  or  a  heavy 
drum  that  the  latter  oversteps,  or  throws ;  thus,  if  the  engine 
revolves  in  a  less  time  than  t,  the  force  to  produce  oscillation  in 
the  mass  ?;2.  might  be,  for  the  left,  center,  and  right  positions  in 
Fig.  47,  33  -  22  =  11,  32  -  32  ==  0,  and  31  -  42  =  - 11 ;  but  if  the 
spring  s  is  very  weak,  say  only  one-tenth  as  strong  as  previously 
supposed,  so  that  in  the  three  positions  its  tensions  are  2,  3,  and 
4  lbs.  instead  of  22,  32,  and  42,  there  will  be  large  diflferences  to 
be  made  up  by  J.  As  the  central  tension  of  «  is  3  the  average 
tension  of  h  must  be  3,  so  that  in  the  central  position  the  force 
actinii^  on  the  mass  will  be  3  —  3  =  0 ;  but  in  the  extreme  positions 
to  get  the  II  lbs.  required,  b  must  be  stretched  at  the  left  and 
shortened  at  the  right.  At  the  extreme  left  b  must  stretch  until 
its  tension  is  13,  so  that  13  —  2  may  =11,  while  at  the  extreme 
right  it  must  shorten  until  its  tension  becomes  —  7,  so  that  —  7  —  4 
may  =  —  11  as  required  ;  h  will  then  be  under  7  lbs.  compression, 
whicli  is  possible  if  J  is  a  spring  capable  of  being  compressed ;  but 
if  it  is  a  cord,  then  as  soon  as  the  mass  reaches  a  point  to  the 
right  for  whicli  the  cord  tension  becomes  nothing,  the  cord  will 
become  slack  and  the  drum  will,  beyond  that  point,  oscillate 
under  the  action  of  s  alone.  This  will  cause  the  drum  to  over- 
step, inasmuch  as  s  alone  is  too  weak  to  bring  it  to  rest  at  the 
proper  point. 

The  only  difference  between  the  drum  with  its  spring  and  the 
arrangement  in  Fig  47,  is  that  in  the  latter  we  have  a  simple  force 
urging  a  mass,  while  in  calculating  the  action  of  the  former  the 
moment  of  the  s]>ring  takes  the  place  of  the  force,  and  the  moment 
of  inertia  of  the  drum  the  place  of  its  mass,  leaving  the  action 
of  the  drum  otherwise  the  same  as  that  of  a  simple  mass. 

(6).  If  friction  be  supposed  between  the  mass  and  its  supporting 
plane,  a  change  of  phase  will  be  produced  and  the  oscillation  of 
the  mass  will  lag  behind  that  of  the  sliding  bar  d.  This  is  plain 
when  it  is  remembered  that  friction  involves  a  transmission  of 
energy  from  the  crank  c  to  the  mass  ?7i,  and  that,  therefore,  b  must 
be  shorter  during  the  stroke  to  the  left  and  longer  during  that  to 
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Uie  right,  than  it  would  be  with  no  friction  and  the  oscillation  of 
« in  unison  with  that  of  </. 
Tie  same  thing  occurs  in  other  metiiods  of  transmission  of 
ecargy.  Suppose,  Fig.  48,  thai  c7,  h,  nud^P  are  the  cross-head,  oon- 
iig-roJ,  and  crank  of  a  steam  engine,  and  that  d  and  e-  ai"e  the 
ecting-rod  and  cross-bead  of  a  pump  driven  Ijy  a  crank  at  the 
(Artkr  end  of  the  shaft,  which  may  be  of  considerable  length,  then 
owing  to  the  twisting,  or  torsion  of  the  shaft,  there  will  be  a 
chai^'  of  phase  between  engine  and  pump,  so  that  the  latter  will 
l»g  behind  the  former. 

l7i.  Id  comparing  imlicators,  or  calculating  the  action  of  any 
une  instrmnent,  it  is  not  enough  to  consider  the  weight  or  mass  of 
parts,  ra  is  often  done,  but  its  distributiou  must  also  be  taken 
iiecontit  of.  The  piston  is.  indeed,  the  only  part  that  goes  into 
llie  calculation  with  its  simple  ujoss,  the  spring  and  otiier  purts  go 


A 


Fig.  4ft 


into  it  with  "  equivalent  masses,"  calculated  in  much  the  s 
i^av  as  the  moment  of  inertia  of  a  rotating  body,  and  \ 
llie  moment  of  inertia  for  any  part  whicli  simply  revolves.  For 
Ihe  spring  t^ie  "  equivalent  mass  "  is  one-third  its  actual  mass,  to 
lie  added  to  the  mass  of  the  piston.  This  matter  will  not  be 
fnrtlier  explained  here,  ditiering  as  it  must  with  differeut  indica- 
tors, though  at  some  future  time  it  may  be  the  subject  of  a  paper 
taking  up  one  or  more  styles  of  the  instrament,  and  calculating 
their  action  and  defects. 

The  question  of  the  relation  of  the  mass  of  the  parts  to  the 
■spring  is  a  very  simple  one  when  friction  is  not  considered.  If  at 
the  end  of  tlie  stroke,  or  elsewhere,  steam  at  full  pressure  be  sud- 
denly admitted,  the  piston  and  pencil  will  fly  to  double  the  height 
corresponding  to  the  pressure,  and  continue  oscillating  unchecked 
above  and  below  the  pressure,  which  need  not  remain  con- 
stant. 
An  alteration  of  the  mass  of  tlie  parts,  or  of  the  strength  of  the 
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Spring,  will  cause  simplj  a  change  iu  the  time  of  oscillation  and 
in  the  scale  of  the  carii  ;  in  fact,  tlie  state  of  things  is  the  same  as 
in  Fig.  45,  where  a  constant  force  acts  on  a  mass  controlled  b^'  a 
spring. 

(S).  The  friction  of  the  piston  and  pencil  motions,  and  the  par- 
tial throttling  or  friction  of  the  steam  in  the  passages  modifies 
and  checks  the  oscillations,  and,  after  they  have  disappeared,  it 
shifts  the  lines  of  the  card,  principally  the  expansion  line,  so  as  to 
alter  the  shape  of  the  cord  and  increase,  generally,  its  area.  Tlie 
greater  the  friction  the  less  will  be  the  oscillations  and  the  sooner 
they  will  disappear,  but  the  greater  will  be  the  subsequent  distor- 
tion of  the  card. 

(9).  Lost  motion  to  any  appreciable  extent  is  simply  imperfect 
construction  of  the  inatniment,  and  can  be  more  or  less  accurately 
ascertained  and  a  correction  made  for  it, 

Ketiu'ning  now  to  a,  h,  and  c,  the  following  remarks  may  be 
made  as  to  the  action  of  an  indicator : 

For  the  pui-pose  a,  the  card  is  affected  by  i,  2,  on  account  of 
the  friction  of  the  piston,  3,  5,  6,  8,  and  Si.  A  fault  in  2  may 
appreciably  alter  the  area ;  faults  in  1,  3,  o,  and  9  may  be  allowed 
for.  6  tends  to  reduce  the  area  of  a  steam  card.  8,  as  far  as 
produced  by  a  fault  in  2,  generally  increases  it.  7  acts  indi- 
rectly. The  stronger  the  spring  tor  the  same  piston  and  pen- 
cil movement,  the  less  the  energy  stored  in  the  oscillation  at  the 
beginning  of  the  stroke,  and  the  less  tho  time  required  for  the 
friction  to  absorb  it,  and  the  greater  the  remaining  time  during 
which  the  friction  affects  the  area  directly.  During  the  oscilla- 
tion the  area  is  affected  by  the  fact  that  the  motion  of  the  drum 
is  not  uniform.  Were  it  so,  the  areas  added  to  and  lakeu  fi'om 
the  true  card  by  the  oscillations  might  balance  each  other,  but, 
because  the  distance  of  the  pencil  from  the  end  of  the  card  varies 
nearly  as  the  versed  line  of  the  crank  angle,  oscillations  near  the 
middle  of  thp  card  will  occupy  much  more  space  lengthwise  of  the 
card  than  those  at  the  end,  and  the  exact  balancing  of  the  areas 
given  and  taken  from  the  card  is  more  complicated.  The  shorter 
the  period  of  the  oscillation  the  sooner  it  will  die  out,  which  is  an 
additional  reason  for  using  a  strong  spring,  the  other  reason  being 
given  above,  so  that  a  strong  spring  conduces  to  accuracy  in  a. 

Most  of  the  things  affecting  a  affect  also  h  and  c,  but  in  differ- 
ent degrees.  If  the  pressure  is  desired  near  the  end  of  the  stroke, 
7  affects  it  but  little,  and  6  has  little  effect  on  a  pressure  near  the 
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Ugiwiiug  of  the  stroke.     7,  iudependent  of  friction,  has  no  eflfect 

DO  tiie  tJiflpe  of  the  card  except  that  the  osoillatiou  make  it 

DKessatv  to  supply  a  part  of  the  card  by  eatimntiug  a  mean  line 

Ikgugiiout  the  extent  of  tlie  same.     Faction  affects  both  press- 

ww  ind  shape, seriously,  and  considerable  change  of  shape  is 

oficn  due  to  G  and  6. 

The  ilrums  of  indicators  could  be  made  adjustable  as  to  their 

tiae  of  nBcillation    by   furnishing   several    springs   with   them. 

laslend  of  this,  masses  jwljustable  radially  couM  be  attached  to  the 

(irnin,  b_v  which  the  moment  of  inertia  thereof  conld  be  changed. 

Otersiepping  with  light  springs  can  also  be  prevented  by  making 

tlie  tord  connection  double,  /.  e.,  by  using  an  endless  cord  stretched 

over  pulleys.     I  believe,  however,  that  for  accurate  work  it  might 

bfl  bett«r  to  run  an  indicator  drum  continuously  by  a  belt  from  the 

engine  shaft,  and  to  get  the  area  of  the  card  by  adding  together  a 

anfficieiit  number  of  ordiuatea,  so  spaced  as  to  allow  for  the  change 

in  (lie  card  due  to  the  change  in  the  motion  of  the  di-um.     This 

»oald  simply  reqnii-e  a  suitable  parallel  grating  for  ruling  the 

ordinntes.    The  method  would  give  several  distinct  cards  in  siic- 

ceasioE,  instead  of  superimposed  cards,  when  the  operation  of 

tbe  pencil  was  not  confined  to  one  stroke,  on  account  of  the 

|>roliul>le  slight  difference  in  speed  resulting  from  the  use  of  a 

belt  instead  of  gearing.     A  planimeter  might  be  made  for  such 

work,  but  planimeter  work  is  not  in  g<meral  so  accurate  as  the 

method  by  ordiuates. 

DracDSsioN. 

iff.  H.  W.  Spongier. — It  might  be  interesting,  in  this  connec- 
tioD,  to  call  attention  to  an  article  by  Messrs.  Beynolds  and 
Brigbtmore.  This  is  a  paper  on  "Errors  of  the  Indicator  Dia- 
grams "  in  the  proceedings  of  The  Institution  of  Civil  Engineers 
of  Great  Britain,  Vol.  LXXXIII.,  Session  1885-86,  Part  L  It 
gives  diagrams  showing  the  effect  of  the  inertia  of  the  parts  and 
the  other  matters  which  are  treated  of  by  Professor  Webb  in  a 
very  complete  and  satisfactory  manner. 

ilr.  H.  H.  Suplee.—The  first  trial  of  the  U.  8.  cruiser  Balti- 
we  for  horse-power  and  speed  gave  rise  to  considerable 
discussion,  hingeing  upon  this  very  question  of  the  friction  of 
the  indicators  with  which  the  test  was  made.  It  aeems  that 
the  friction  of  the  instrument,  or  some  of  the  instruments, 
bad  been  tested   to  ascertain  the   extent  of  the  friction,  and 
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corresponding  connections  were  made  in  the  cards.     The  corre        < 
tion  was  for  the  friction  of  the  pencil  and  partially  of  the  pisto^is: 
and  this  measurement  of  the  cards  reduced  the  power  below  th^^J 
which  the  contract  demanded,  and  I  think  it  was  mainly  up(^:xi 
this  very  point  that  the  Baltimore  went  to  sea  on  the  secomcf 
trial,  in  order  to  ascertain  if  she  could  make  her  horse-power.     I 
do  not  think  that  details  of  this  matter  have  been  given  to  the 
public,  but  I  believe  they  will  be  as  soon  as  the  report  in  regard 
to   the   Baltimore   is   completed.     If  we  are   measuring  press- 
ures upon  a  half  of  a  square  inch  of  area  to  determine  the  horse- 
power of  cylinders  running  up  to  60  or  72  inches  in  diameter, 
the  importance  of  the  error  becomes  correspondingly  greater  as 
the  size  of  the  engine  increases. 

I  cannot  give  the  exact  details  as  to  the  method  of  allowing 
for  variable  friction.  The  mean  height  of  each  card  was  taken 
with  the  Coffin  averaging  instrument,  and  I  think  a  mean  height 
had  previously  been  taken  from  a  test  card.  In  other  words, 
pressures  with  the  instrument  had  been  compared  with  the 
actual  pressures  measured  by  other  means,  and  these  were  used 
to  show  what  was  the  error  in  the  indicator  at  ten  different 
points  of  the  stroke.  That  gave  a  corrective  amount  to  be  added 
or  subtracted  above  or  below  atmosphere.  Corresponding  ordi- 
nates  were  added  when  a  card  was  to  be  measured,  and  the  cor- 
rections were  plotted  inside  and  outside  of  the  curve,  and  a  new 
duty  diagram  drawn  in.  Then  the  planimeter  was  run  around 
this  connected  diagram.  I  believe  some  objection  was  made  to 
the  method  of  correcting  the  cards,  because  it  made  quite  a  dif- 
ference in  the  power  indicated  on  the  cards.  This  shows  the 
importance  of  correcting  for  the  friction,  particularly  where  so 
very  large  powers  come  into  (question. 

j]fr.  Spaufjier, — I  have  been  told  that  the  correction  on  the 
cards  of  these  tests  was  made  substantially  as  Mr.  Suplee  has 
said,  but  practically  with  some  slight  differences.  The  correc- 
tion card  simply  shows  the  statical  difference  between  the  press- 
ure on  the  under  side  of  the  piston  and  the  line  at  which  the 
pencil  stands  for  that  ])ressure.  These  diagrams,  which  are 
nothing  more  than  straight  lines  drawn  and  showing  the  press- 
ure corresponding  to  a  certain  spring,  are  sent  with  the  indi- 
cator. The  indicator  card  is  then  taken  and  divided  into  two 
parts.  One  part  of  the  card  covers  the  admission  and  expansion 
line.     The  area  between  the  zero  line  and  the  admission  and 
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^uinoii  line  is  measured  and  divided  bj  the  len^h.  This, 
jpmthfl  mean  height  during  the  forward  Btroke,  and  to  this 
oeia  height  is  added,  or  from  it  is  subtracted,  the  proper  cor- 
iKlion.  The  lower  half  of  the  card  was  taken  in  much  the  same 
«».  Tlie  area  below  the  card  proper  and  to  the  line  of  zero 
pressure  was  measured  and  divided  by  the  lenfjth,  giving  the 
niefts  beiffht  and  the  mean  pressure  on  the  back  stroke.  This  was 
wmvted,  The  difference  between  these  two  corrected  dimen- 
sions wns  taken  a,&  the  jiressnre.  I  believe  that  is  substantially 
rif;bt.  It  has  been  repeated  to  me  several  timea,  bnt  I  do  not 
know  that  it  is  at  all  correct.  It  may  be  interesting,  and  I  give 
iljnst  ut  I  understood. 

Piyf.  Tbnrstim. — I  would  like  to  call  attention  to  the  article 
[efcrrad  to  still  more  strongly  than  hiis  Professor  Spangler.  It 
preitents  a  discussion,  printed  with  the  original  paper,  which 
mrere  more  ground  than  any  similar  discussion  with  which  I 
iiaTe  ever  met ;  and  the  paper,  as  a  whole,  seems  a  better  com- 
mentary on  errors  in  indicators,  ba^ed  on  experimentally  deter- 
miued  results,  than  anything  I  have  ever  seen. 

Prof.  J.  B.  Webh.* — Having  examined  the  two  papers  +  by  Pro- 
basorBeynolds  and  Mr.  Brightmore,  whose  complete  titles,  by  the 
'  *»T,  iifQ  not  given  in  the  preceding  part  of  the  discussion,  some 
brief  remarks  thereon  will  be  appropriate.  Dr.  Thurston's  esti- 
mate of  the  value  of  the  discussion  upon  the  papers  is  sustained 
by  the  esamination ;  but  his  characterization  of  them  as  a  paper 
"based  on  experimentally  determined  results  "  does  not  accord 
with  the  fact  that  there  are  two  distinct  papers,  the  first  of . 
which  details  a  "  theory  taught  for  many  years  in  Owens  Col- 
lege," and  basfid  mainly  on  the  laws  of  mechanics,  while  the  sec- 
ond records  experiments  just  made  to  test  the  application  of  the 
theory. 

I  am  glad  to  find  that  no  essential  change  would  have  been 
needed  in  my  paper  had  these  been  read  before  preparing  it. 
My  object  was  twofold  ;  first,  to  put  in  a  clear  and  readable 

*  Aotbor'sclosurn  undiT  the  Ralei". 

t  Ptper  N'o.  2070,  "On  the  Theorj  of  the  Iiiiiicatoranrl  the  Errors  in  Indicator- 
Diignma,"  by  Oebome  Reynolds.  M.A.,  LI,.D.,  F.B.S.,  M.  Inst.  C.E,;  and 
Piper  No,  2071,  "  EiperimentB  on  the  Steam  Engine  Indicat^.r."  hy  Arthur 
Williun  Briglitmore,  B.Sc,  Stud,  Inst,  C,E..  lale  Berkeley  Fellow  in  Owefis 
College,  Manchester.  Occupying  pages  1  to  20  nnd  pages  21  to  41.  wflh  com- 
Kned  discussion,  occnpying  pages  42  to  105,  of  tho  "  Minutes  <)(  Proceeding  of 
thf  iDBiiiDtion  of  Civil  Engineers,"  Vol.  LXXSIII. 
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shape  for  the  general  mechanical  public  the  main  laws  of  i 
chanics  which  control  the  action  of  the  indicator — ^which 
scarcely  be  new  to  any  one  well  versed  in  mechanics — and,  i 
ond,  to  call  attention  to  some  points  which  were  supposed  tc 
new,  and  which,  I  now  find,  are  not  mentioned  in  these  pap 

The  general  method  of  treating  the  subject  adopted  by  I 
fessor  Beynolds  is  much  to  be  admired,  as  showing  a  familia 
with  and  reliance  upon  a  strictly  mathematical  investigation, 
the  necessarily  limited  time  which  can  be  allowed  and  dev( 
to  my  concluding  remarks  in  this  discussion  a  complete  rei 
of  these  papers  cannot  be  made,  and  it  would  be  scarcely  j 
therefore,  to  point  out  as  positive  errors  all  the  things  wl 
strike  me  as  questionable.  With  this  proviso,  however,  I  s 
feel  free  to  question  some  of  these  points,  referring  to  the  s 
by  pages  and  tenths,  the  decimals  indicating  the  distance  d 
the  page. 

The  treatment,  as  a  mathematical  analysis  of  actual  indie 
cards,  leaves  much  to  be  desired,  and  notably  in  these  poi: 
(a)  In  the  treatment  of  friction ;  (b)  in  the  application  of 
analysis  to  cards  represented  by  equations,  and  in  some  dej 
resembling  actual  cards ;  (c)  in  the  notation,  interpretation, 
discussion  of  the  equations,  with  the  view  of  exposing  t 
anatomy  and  the  simple  laws  of  mechanics  which  they  expi 

In  the  requirements  for  an  exact  diagram,  page  3.2,  pres 
ably  "  instantly  "  means  in  the  time  occupied  by  the  chang 
pressure.  In  the  causes  of  disturbance,  page  4.4,  it  is  difficu 
imagine  any  advantage  in  enumerating  the  three  causes  a; 
fecting  the  drum  when  but  two  affect  the  piston.  On  the 
trary  the  "  varying  action  of  the  spring  "  would  seem  to  be  a 
sirable  thing. 

Page  5.5.  Equation  (2)  will  not  apply  to  an  ordinary  ind 
tor  card,  even  with  t  removed  from  under  the  radical  sign. 

This  method,  page  6.4,  of  estimating  the  centrifugal  error, 
may  be  called,  is  undoubtedly  elegant,  if  accurate  ;  it  had 
previously  occurred  to  me  that  it  might  be. 

The  reason  stated  for  the  "  vibratory  disturbance,"  page 
seems  to  me  to  be  unsupported  by  the  equation  or  reason, 
term  (2)  is  not  a  function  of  the  shape  of  the  card  nor  of 
velocity  of  the  engine,  and  the  statement  seems  to  be  dii*e 
contradicted  by  the  figure  and  paragraph  following  it. 

I  presume  that  it  is  not  intended  to  state,  page  8.5,  that 
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fJpressHr©  coiild  ever  be  instantaneous,  or  that  the  pencil 
.ever  go  to  tlie  (Touble  height.  Upon  this  point  Mr.  Bright- 
Bute,  pase  35.1,  seems  to  Lave  a  peculiar  theory,  differing  from 
ill*  usual  one,  held  by  Professor  K«yuoltls,  Now  if  any  coinci- 
iawmifjLt  apparently  l>e  favorable  to  the  height  of  the  first 
it  would  be  to  tiave  the  period  of  the  oscillation  an 
aiiijoot  part  of  that  of  the  engine,  and  bo  little  friction  that  the 
osiiiiations  might  continue  unchecked  throughout  the  card. 
EviiJently  then,  also,  the  shorter  the  period  of  Hdmissiou  the 
greater  the  oscillation,  but  no  such  persistent  oscillations  seem 
lo  tie  in  view. 

As  to  the  effect  of  friction  on  the  diagram,  pages  9.2  and  10.6, 
»oiili]  it  not  be  more  correct  to  say,  in  the  case  of  horizontal 
ubigsion  and  back  pressure  lines,  that  the  friction  might  act 
eilher  to  increase  or  decrease  the  diagram,  according  t<j  the 
Dninber  of  oscillations  introduced  by  the  rapid  changes  of  presa- 
iK  at  the  ends  of  the  card  ?  For  an  odd  number  of  semi- 
OKJilutions  the  effect  will  be  to  increase  the  area,  and  for  an 
•wn  namber  it  will  be  decreased.  This  may  easily  be  seen  for 
flmission,  for  if  the  pencil  be  stopped  by  friction  before  the 
fint  upper  semi-oscillation  is  completed,  the  pencil  will  remain 
sliovp  tlie  admission  line.  While  it  it  passea  that  line  and  is 
slopped  during  the  second,  or  lower,  semi -oscillation,  it  will  be 
M  beneath  the  line,  thus  rediicing  the  area. 

It  seems  to  nie  that  there  is  a  slight  mistake,  i>age  9.7,  where 
the  comers  are  said  to  be  cut  f)ff  l)y  45  '  lines  ;  these  corners  and 
Ihe  curved  corners  in  Fig.  3  would  seem  to  be  common  trac- 
Irices.    In  Fig,  4,  also,  on  the  supposition  that 
the  theoretical   (dottedi   card   is   a   rectangle,  fl^^^^     ^^-v.^ 
fith  two  corners   replaced   by  the   expansion  j  '^-o 

and  compression   curves,    there  will   be   trae- 
trieea  at  the  two  rectangular  corners,  and  at  p,,,   ,g^ 

tile  point   of  cut-off  the  pencil    line  will  not 
make  an  angle,  as  shown  in  Fig.  4,  but  will  have  a  round  corner, 
»s  shown  in  Fig.  104. 

The  treatment  of  the  "Disturbances  of  the  Drum,"  page  11,7, 
is  far  from  satisfactory'.  It  is  a  problem  differing  l>ut  little  in 
kind  from  the  previous  one.  In  both  there  is  a  mass  attached  to 
a  spring  and  having,  therefore,  a  natural  line  of  vibration,  and 
an  atttrapt  is  made  to  compel  it  to  follow  some  other  law  of 
motion.     In  the   former  problem  the  pressure  of  steam,  repre- 
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sftnted  by  a  series  of  harmonic  termia,  anil  in  tliis  tLe  elaatiuity 
of  a  cord,  connecting  the  loaaB  with  a  more  or  less  harmonically 
moving  point,  is  the  compolliug  force.  No  such  similarity  is 
apparent  in  the  mathematical  treatment. 

lu  "(3.t  Tkt  hiertvi  of  tin-  />;■«,„,"  page  11.9,  the  tlnim  is 
tacitly  supposed  to  have  its  spi'ing  removed  and  the  cord  kept 
Btretched  by  a  coiiatant  force,  so  that  the  acceleration  of  the  drum 
depends  upon  the  tension  in  the  cord,  the  effect  of  the  drum 
spring  being  t:iken  up  in  the  next  paragraph  but  one.  Now,  in 
the  expression  ylX'x,  page  1'2  0,  for  the  displacement  of  the 
drum  from  its  true  harmonic  position,  we  have  IN''x  us  the  ac- 
celerating force  necessary  at  the  surface  of  the  drum  and  due  to 
the  chanf;e  in  length  (=7//A'V)  of  the  cord,  whereas  it  would 
seem  necessary  to  reduce  the  moment  of  inertia  /  to  the  radius 
((/,  say)  of  the  drum  and  to  put  in  place  of  N  the  angular  velocity 
of  the  engine. 

The  moment  of  the  friction  of  the  drum,  page  13.1,  oonld 
hardly  cause  an  "ibsolute  stoppage  of  the  same,  unless  it  were 
greater  than  the  maximum  value  of  the  moment  required  to 
oscillate  it.  All  it  could  do  would  be  to  decrease  the  available 
oscillating  or  gyrating  moment,  even  if  it  were  not  otlierwise 
provided  for.  But,  were  the  friction  proportional  to  the  velocity, 
a  retardation  of  the  phase  of  the  drum  motion  would  provide  for 
it  without  disturbing  the  harmonic  motion.  The  gyration  may 
as  well  be  supposed  harmonic ;  if  a  short  connectiug-ro<l  be 
introdnced,  as  in  the  figure,  page  I3.!ii,  its  effect  on  the  harmonic 
motion  should  be  discussed  mathematically  in  another  place, 
inasmuch  as  it  has  nothing  to  do  with  the  question  of  8top])age 
at  the  ends  of  the  diiigram. 

The  effect  of  uniform  or  slightly  varying  friction,  as  differing 
from  friction  supposed  to  vary  with  the  velocity,  will  be  sub- 
stantially the  same  as  regards  change  of  phase,  with  the  addi- 
tion of  a  disturbance  of  the  exact  harmonic  gyration  sufficient  to 
equalize  the  force  devoted  to  overcoming  tlie  friction.  The 
drum  acts,  in  fact,  as  a  fly-wheel,  absorbing  the  excess  of  energy 
furnished  near  the  middle  of  the  card  by  the  change  of  phase 
and  giving  it  out  near  the  ends.  It  follows,  also,  that  the  dis- 
tance of  the  drum  behind  its  true  position  can  hardly  V>e  con- 
stant, so  that  the  analysis  on  page  14  is  of  doahtful  accuracy. 

This  drum  friction  is,  of  coarse,  variable,  increasing  from  one 
end  of  the  «;ar<l  to  the  other. 
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an  flc-arcely  imsigiue  that  (page  15.0)  any  one  with  a  fair 
bcpi'ltf'lxe  of  analytical  and  practical  mechanics  could  carefully 
fwisiiWtiie  action  of  an  indicator  drunj  without  perceiving  the 
dM  III  friction.  I  hail,  in  fact,  supposed  it  to  Ije  a  phenomenon 
Eiiiiilifir  ti>  experts  upon  indicator  cards,  who  may  find  but  little 
tiliolpthem  in  the  rest  of  the  paper,  especially  as  the  applioa 
tiiiui  fttv  not  to  the  modern  forms  of  instruments  now  excln- 
artk  Qwtil  in  good  practice. 

Tli«  apparatus  employed,  page  39.5,  to  detect  the  effect  of 
frictinn  is  admirable  and  the  results  interesting.  I  cannot  see 
in  lliwti  uny  evidence  that  the  drum  remains  at  rest  at  the  ends 
"(the  curd. 

Wnald  it.  not  be  near  one  end  of  the  card  that  the  cord  might 
Wntiiie  loose,  page  41.6,  rather  than  near  the  middle  ? 

Wliv  ,!/„  page  58.ii,  should  be  constant  I  cannot  see,  nor  why 
mvh  a  implicated  liiw  for  the  friction  moment  ^ff  is  supposeiL 
Tbe  statement  that  "  the  tension  7'  is  a  maximum,"  etc.,  page 
3M,  racuot  be  correct ;  when  the  time  of  oscillatiim  of  the  drum 
KK%»  with  that  of  the  cross-head  of  the  engine  the  tension  T 
fonlii  lie  constant,  except  for  the  friction.  Then  the  drum 
•pring  operates  the  drum  without  any  help  from  the  tension  T, 
Atotiier  speeds  of  the  engine  the  drum  spring  ia  assi.sted  more 
w  kis  by  the  elasticity,  uut  by  the  mean  tension,  of  the  cord. 
-^3  a  means  of  operating  the  drum  the  drum  spring  seems  to  be 
ignoffid,  as  if  its  only  office  were  to  keep  the  cord  stretched.  On 
page  36  the  weight  of  the  parts  is  supposed  to  affect  the  finding 
of  the  pressure  by  drawing  a  line  midway  between  the  crests 
and  hollows  of  the  oscillations,  and  this  weight  comes  into  the 
equation,  page  36.7,  from  page  28,  where  it  has  been  put  into  the 
Taloeot  Q.  How  it  can  affect  this  value  I  cannot  see,  because 
pressures  are  reckoned  from  an  atmospheric  line  drawn  on  the 
rard,  by  which  means  the  weight  is  eliminated,  whether  the 
instminent  be  used  upright  or  inverted.  The  pressure  line  is 
evidently  such  an  average  where  the  pressure  is  constant  and 
there  is  no  friction,  as  is  here  supposed  ;  the  more  interesting 
esse  is  where  the  pressure  varies  and  there  is  friction.  By  the 
'^ay,  also,  page  28.9,  the  spring  should  not  enter  the  equation 
for  the  value  of   W  with  half  its  weight. 

What  is  wanted  is  a  mathematical  treatment  of  the  indicator, 
^tb  friction    included,   and  with   deductions   drawn   logically 
i,  but  excluding  doubtful  speculiitiona. 
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THE  PA  WTUVKET  PUMPING  ENGINE. 


The  engine  under  notice  \»  of  the  double  expansion  type,  cjliii*! 
der  IS  X  30j^  bore,  and  SO  inclies  stroke,  cranks  at  rigbt  angles^.l 
cjlinders  connected  witb  a  receiver  of  four  times  the  capacity  of  ■ 
high  cylinder;  average reyolution, 49.5  per  minute;  average  boilerJ 
pressure,  125-lba,  gauge ;  average  cut-off  in  bigh  cylinder,  one- 
fourtb,  and  one-third  in  low, 

Jftcketa  envelop  the  heads  and  barrels  of  both  cylinders,  aud'V 
steam  of  full  boiler  pressure  is  used  in  each.  The  condensed 
steam  from  the  jackets  is  pumped  into  the  feed-pipe  at  a  point 
between  the  boiler  and  hot  well.  The  condensed  steam  collected 
in  the  receiver  is  received  iu  a  lr;ip,  and  continuously  pumped 
through  a  heater  placed  in  the  chimney  flue,  and  tbeuce  returned 
to  the  top  of  the  receiver.  Out  of  a  total  of  155  lbs  thus  circu- 
lated, one-third  only  is  evaporated  and  returned  to  the  receiver  as 
steam;  the  other  two-thirds  gradnally  accumulate  iu  the  receiver 
and  is  blown  to  waste  every  three  hours. 

Hesults  of  tests*  of  this  engine  are  given  in  Table  I.  By  the 
2d  and  3d  tests  in  this  table  it  will  be  seen  that  when  the  engina  j 
,  was  in  use  with  steam  in  the  Jackets,  107  lbs.  of  steum  condense^'  ■ 
per  liour  in  the  jackets  of  both  cylinders  together,  and  that  when  J 
the  total  sleam  consumed  per  hour  was  2,046  llis,,  the  indicated  | 
hoi-se-powcr  was  nearly  148. 

*  The  tests  of  this  eogini'  linve  lief  n  uindt-  bf  the  writer  os  a  rantler  of  g 
eriti   irtereat,  as  Its  performaoce  has  been  eitniordiiiur;  ever  siuce  Its  erection  I 
by  Mr.  CoHlas  in  5878.     During  ibe  year  ending  N'nvemlwr  80,  !8B8.  tile  \V«W 
Works  report  clBimtfd  an  aiiuual  duty  ot  lS!i.056,0U0,  eireedisg  its  previous peF- 
forinaiices  by  Beveral  tiiUlion  font  poDods.    Aa  no  determination  of  the  litaia  WH- 
tumption  and  boiler  enap'iraiioa  had  e'Cer  been  piMUhcd.  tlie  determiuatiunMaf 
duty  depending  on  meBHuremeatA  of  coal  and  water  pressure  only,  the  writer  n- 
quested  pemiiasion  to  make  these  meBSurementii  and  to  rtrrify  the  extraordinaijr  A 
duty  of  last  year.     Such  permlsHion  was  cordially  granted  by  the  siiperinieudeirt,  I 
Mr.  Edwin  Darling,  who,  together  with  the  chief  engineer,  Mr.  John  Walker.  ( 
operstfld  with  the  wriier  in  every  ptissible  way  to  make  the  invp5tIgatio 
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JAUo  when  fiteam  was  shut  off  from  both  jticktits.  and  the  en- 
pnB  mntle  to  perform  as  nearly  as  possible  the  same  work,  the 
oommption  per  hour  was  2,070  lbs.  This  would  indicate  a 
slighl  gain  by  the  use  of  the  jackets,  which  would  amount  to  about 
DUfrsiiili  of  a  pound  of  steam  per  Lour  per  indicated  horse-power. 


"'■Ppotts,  however,  that  the  variation  in  indicator  aarde,  taken 
HDiier  the  most  perfectly  invariable  conditions  of  action  available 
iiijTactice,  is  such  thnt  the  mean  utfective  prtssine  of  th.-  eanis 
ID  Fig.  49  may  be  in  error  one  pound  per  square  iuch,  and  that  of 
'ig-  50  one-quarter  pound  per  square  'inch,  so  that  the  indicated 
torse-power  may  l,»e  in  error  three  •  per  cent.  Also,  that  the  cut- 
off determined  from  cards  may  err  one-half  of  one  per  cent. 
Tliese  facts  make  it  possible  for  the  steam  per  hour  per  indicated 
horse-power  to  be  indeterminate  within  yV  "'S-  in  1^  ^».,  and  for 
9"  lbs.  of  steam  out  of  ;i,000  to  be  due  to  differerices  of  cut-off  not 
shoffu  by  the  average  cards  in  comparative  teats  with  and  witliout 
jaoket.  It  wonld  be  quite  permissible,  therefore,  so  to  vary  the 
pine.  Funds  for  the  expenses  of  tlie  tests  were  geiieroualj  subecribed  b,T  the 
IrOBtees  of  the  Stevens  Institute,  Joe!  Sharp,  A,  C.  HuniphreyB,  Bod  Messrs.  H. 
f.  Wl,iie,  A.  P.  Traiitwein.  W.  W.  Dashiel,  and  the  SrevenH  Iii:tLmte  Aluraiii 
Association.  Tbe  rcsulis  obtained  fuHj  Buatain  tlie  \Viit«r  Work.i  report  of 
performance.  The  present  paper  is  nbslraeted  from  the  full  rpport,  not  )-et 
pAlislieii,  bat  a  dlgeat  of  wbicb  was  prestDted  ro  tlie  Fall  River  meeting  of  the 
Xfw  EngUiid  Wat 


*  It  should  be  understood  that  this  error 
linty  nf  ih*-  engine,  which  depends  on  the  n 
sure  Bgainst  the  plungere.  both  of  which  qui 
of  one  per  cent. 


inter  the  calculation  of  the 
;nt  of  coat  and  water  pree- 
e  deterniiuable  to  within  \ 
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data  of  horse-power  and  steam  in  cols.  (12)  and  (13)  of  Table  L, 
as  to  make  the  consumption  per  horse-power  in  col.  (14)  be  in 
favor  of  '^  no  jacket."  This  has  been  the  resalt  in  some  cases  of 
tests  of  engines.  The  pumping  engine  at  Wilmington,  Del.,  for 
example,  gave,  on  compg^rative  24-hour  tests,  19.8  lbs.  steam  per 
houi-  per  horse-power  with  jackets  (including  consumption  of 
latter),  and  17.9  lbs.  without  jacket,  the  latter  being  confined  to 


Receiver  Pressure  9  Lbs, 


No.  5,  72  Hour  Test.  Cut  off  0.310  ) 
»»     7,    6     "         »»        »»      »»    0.385  / 

Fig.  50. 


8.    9     "        •.        M     ..    OUHO  )  ^"^^"'  ^**^''^**- 


the  high  cylinder.  The  difference  of  two  pounds  per  hour  per 
horse-power  represents  .«?et;^?i  times  the  jacket  consumption  per 
hmi)\ 

I  believe  such  results  to  be  due  to  errors  in  securing,  or  in  re- 
ducing results  to,  truly  identical  conditions  with  and  without  jacket. 
For  it  is  improbable  that  there  should  be  more  than  a  very  slight 
loss  of  economy  from  the  jacket  for  the  following  reasons : 

Eefening  to  column  (15)  Table  I.,  it  is  seen  that  460  lbs.  of 
steam  is  condensed  during  admission.  Thereby  68  thermal  units 
per  stroke  are  absorbed  by  the  metal  surfaces  of  some  part  of  the 
interior  of  the  cylinder.  Again  by  reference  to  Fig.  51  it  will  be 
seen  that  there  is  re-evaporation,  represented  by  the  distance 
d,  +  (1\.  This  amount  of  re-evaporation  requires  17  tliermal 
units  per  stroke  to  emanate  from  the  cylinder  walls,  and  the  in- 
crease of  mean  effective  pressure  thereby  is  a  considerable  frac- 
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o(  the  whole  card.     Treating  the  cyliiiilers  as  well-covered 

the  loBB  of  heat  hy  radiation  is  about  20  lbs.  of  steam  per 

ir.  thns  leaving  87  lbs.  of  steam  per  hour  to  be  consumed  in 

JKck^te  by  heat  taken  from  them  by  the  steatn  iu  the  cvliu- 


dets.  Now,  87  lbs.  of  steam  per  hour  represents  about  13  ther- 
tnal  nnits  per  stroke,  which  is  one-fifth  of  the  heat  causing 
"le  eipenae  of  460  lbs.  during  admission,  and  almost  equals  the 
"^  causing  the  considerable  increase  of  card  area  during  expan- 
won  m  tijg  high  cylinder.     It   is  not  reasonable,  therefore,   to 
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suppose  that  this  heat  does  not  make  some  practical  difference 
the  average  temperature  of  the  cylinder,  which  must  have  vat 
in  either  increasing  the  area  of  the  card  during  expansion,  or  i 
ducing  cylinder  condensation  during  admission  to  the  cylinders, 
both.  So  far  as  the  cards  available  are  concerned,  there  is  j 
difference  in  the  law  of  the  expansion  curve  with  and  withoi 
jackets,  as  shown  in  Fig.  51,  although  less  variations  in  lengrtf 
friction,  etc.,  in  the  cards,  may  lead  to  a  different  conclusion 
later.  The  influence  of  the  jacket  heat  must  therefore  be  con^ 
fined  to  the  reduction  of  cylinder  condensation  during  admis^ 
sion,  and  it  is  improbable  that  it  does  not  save  an  amount  of 
steam  equal  to  that  expended  in  the  jacket  less  radiation,  while  it 
is  quite  possible  that  the  reduction  of  cylinder  condensation  may 
be  slightly  greater  in  amount  than  the  expense  in  the*  jacket. 
Excessive  claims  of  saving  by  the  jacket  amounting  to  a  multiple 
of  the  amount  of  steam  used  by  it,  are,  however,  difficult  to  con- 
ceive, if  no  difference  of  temperature  or  pressure  exists  betweei 
the  steam  in  the  jacket  and  that  in  the  cylinder  during  admission 
In  Table  II.  is  given  the  water  per  hour  per  horse-power  as  cal 
culated  from  the  cards.  It  averages  about  9f  lbs.,  and  does  no 
essentially  differ  between  cut-off  in  the  high  cylinder  and  release 
in  the  low  cylinder. 

There  is  re-evaporation  in  both  cylinders,  about  8  per  cent,  ii 
the  high  and  6  per  cent,  in  the  low.  The  expansion  lines  agre< 
most  nearly  with  the  Mariotte  law.  The  engine  was  careful!; 
tested  regarding  leakage  of  the  valves  and  pistons.  The  greal 
est  leakage  was  at  one  admission  valve  on  the  low  cyUnder,  am 
was  but  5  lbs.  of  steam  per  hour,  or  J  of  one  per  cent. 

Appended  is  a  description  of  the  manner  of  plotting  the  point 
of  the  different  cards  in  Fig.  70. 

Conclusions  : 

1.  That  the  averages  of  results  of  indicator  cards  taken  in  th< 
most  careful  maimer  with  the  best  modem  indicators,  show  j 
possible  saving  from  the  use  of  jackets  amounting  to  from  0.13  t< 
0.35  lbs.  of  steam  per  hour  per  horse-power,  but  that  thes< 
amounts  are  within  the  limit  of  error  to  which  the  determinatioi 
of  indicated  horse-power  and  cut-offs  are  subjected,  so  that 

2.  The  most  that  can  be  claimed  for  the  jacket  is  that  it  prob 
ably  caused  no  loss,  and  may  possibly  have  caused  a  saving,  no 
exceeding  3  per  cent,  of  the  total  steam  consumption. 
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APPENDIX   I. 

KPUiSINO    MEl'HOD    OF    PLOTTING    POINTS  IN   ESPANBTON    LINES 
IN    FIG.  51   ASK    PLATE,    *'In.  70. 

The  actual  cai-ds  as  per  Figs.  51  and  69  have  beeu  measured  as 
lollows,  referring  to  Table  III. : 

Golanin  2  gives  the  total  length,  ah,  of  the  card  in  incbes  ;  col- 
<nnns  3,  7,  U.  In,  19,  25,  29,  and  33,  give  the  actual  lengths  of 

i 


I 
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line  kl,  ij,  gh^  ef^  cd^  mn,  op^  qr ;  columns  4,  8,  26,  30,  etc., 
the  same  distances  with  the  clearance  added,  namely,  4  per  < 
of  al  for  the  high  pressure  cards,  and  3.7  per  cent,  for  the 
pressure  cards ;  columns  5,  9,  13,  17,  and  21,  give  distance 
the  preceding  columns,  expressed  in  per  cent.,  of  aJ,  and  diy 
by  the  ratio  of  the  volumes  of  the  cylinders,  namely,  4.08; 
umns  27,  31,  and  35,  give  the  same  ratios  without  dividing  by 
ratio  of  the  cylinders ;  columns  6,  10,  28,  32,  36,  give  value 
preceding  columns  reduced  to  the  length  of  card  No.  99  as  u 
for  the  high  pressure  cards,  and  to  No.  34  for  the  low  presi 
cards.  These  cards  are  shown  in  the  plate  to  the  same  scale 
the  horizontal  scale  representing  volumes,  the  length  of  the 
pressure  card  being  100. 

The  distance  AB  represents  the  cut-oflf,  common  to  all 
high  pressure  cards,  and  the  point  P  is  common  to  all  low  \ 
sure  cards.  The  values  in  columns  10, 14,  18,  etc.,  are  laic 
along  the  horizontal  lines  CZ),  EF^  etc.,  for  cards  taken 
jackets,  and  along  OD\  E'F\  etc.,  for  cards  taken  without,  jaci 
A  curve  drawn  through  the  point  Ay  and  any  point  at  C  or  . 
OE\  belonging  to  the  same  card,  forms  the  curve  of  expan 
for  that  card.  The  vertical  lines  SS^  IS^S^,  etc.,  show  the  li 
between  which  fall  the  points  in  the  expansion  lines  of  eac 
the  twelve  cards  taken  under  the  two  conditions  in  each  cyli 
and  incorporated  in  Table  IlL 
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.APPENDIX  n. 

ABSTRACT  OF   EXPERIMENTS   PERFORMED* 

Between  May  30  and  June  1,  1^89,  the  engine  was  run  con- 
Sraonsly  aeventy-two  hours  under  its  usual  working  coudi- 
aud  measurements  made  of  the  coal  consumed,  anthracite 
Ito^B  size  being  used;  the  horse-power  performed,  Imth  for  . 
pnmping  the  water  and  to  overcome  the  friction  of  the  engine 
Iteell;  the  pounds  of  steam  generated  in  the  boilers  aud  used  to 
operate  the  engine  ;  the  pounds  of  water  used  to  condense  the 
■^am  i&  it  left  the  engine ;  all  temperatures  and  detailed 
owwarements  necessary  to  determine  the  heat  rejected  by  the 
wgine ;  the  steam  condensed  in  the  jackets ;  the  economy  due 
to  pasainj^  the  condensed  steam  from  the  receiver  through 
ittkr  in  chimney  flue,  and  the  dryness  of  the  s*«am. 

The  duty  of  the  pUnt,  the  steam  per  hour  per  horse-power, 
•d  tbe  evaporation  of  the  boilers  per  pound  of  coal  were  the 
principal  elements  of  the  quantities  sought. 

Between  June  Ist  and  June  2d  the  engine  was  run  twenty- 
Mr  hours  under  the  same  conditions  as  before,  but  with  selected 
wfi^s  Creek  bituminous  coal  for  fuel. 

The  same  determinations  were  made,  but  the  special  object 

"wto  provide  a  check  upon  the 'first  test  and  to  ascertain  how 

""ich  gain  in  duty  could  be  expected  from  choice  bituminous 

wa!  as  compared  to  the  stove  anthracite  used  in  the  first  teat 

*"'  in  the  usual  operation  of  the  plant. 

Between  June  3  and  June  6,  18^9,  shori  testa  of  from  six  to 

W    tune  hours  were  made,  the  en^i^ine  being  sometimes  run  with,  aad 

I      f'lnetimes  rnu  without,  jackets.     No  measurements  of  fuel  were 

"""le,  the  object  sought  being  to  determine  the  steam  consumed 

"f  tbe  engine  per  horse-power,  with  and  withimt  jiickets  in  action. 

PREPARATIONS    FOR  THE   TESTS. 

Tbese  consisted  of  the  following  : 

The  insertion  of  a  water  meter  in  the  line  of  feed-pipe  deliver 
ifg  water  from  the  hot  well  to  the  boilei-a. 

•  For  lull  Jetails  Bee  Unginetrmg  Ntflu*.  DecemlMtr  38,  1889,  et  uq. 
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The  insertion  of  a  ^oup  of  tliree  water  meters  in  the  li 
exliaust  pipe  leading  from  the  hot  well  to  the  river,  into  i 
the  water  wasted. 

The  insertion  of  theFinometers  into  mercury-filled  tnbe 
latter  being  sciewed  into  the  steam  luid  water  pipes  at  vt 
places. 


The  testing  and  sealing  of  the  scales  upon  which  the  c& 
weighed. 

Means  fur  securing  indicator  cards,  recording  the  reToIi 
testing  jiressure  gauges,  etc.,  of  the  most  satisfactory  chs 
were  already  at  the  station. 

The  arrangement  of  the  feed-water  meter  is  shown  i] 
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IB.  J  is  meter  arraoged  between  two  braiich  pipes,  which  lead 
I  ont  of  the  main  feed-pipe  at  right  angles  to  the  lattar  through 
I  6k  two  valves,  C  and  B.  Between  the  latter  is  another  valve,  D, 
I  lying  iu  the  line  of  the  main  feed-pipe. 

By  closing  valve  D  and  opening  C  and  B  the  feed-water  is 
(1  to  travel  throogli  B  and  the  meter,  A,  and  regain  the  main 
K  tbrongh  C  Hence  it  passes  into  the  boiler  through 
aual  valves  leailing  upward  out  of  the  horizontal  pipe 
J  along  the  front  of  the  boilers.  G  is  the  thermometer 
peasures  the  temperatures  of  the  feed-water  as  it  enters 

lers.     Should  anj  accident  befall  the  meter,  valves  t'and 

PProiild  he  instantly  closed  and  D  opened,  thereby  returning  the 
M  system  to  its  normal  condition. 

VALUE   ASD    TEST    OF    METER. 

The  use  of  a  meter  to  measure  the  feed-water  has  the  great 
advantage  of  disturbing  none  of  the  conditions  of  regular  work- 
ing   If  tlie  hot  well  water  is  nm  into  weighing  tanks,  a  sepa- 
'  wte  pQiiip  is  uecessaiy  to  feed  the  boilers,  and  iu  handling  the 
a  to  run  the  pump  the  temperature  of  the  feed-water  and 
\  ^oantitr  of  steam  f;euerated  per  minute  of  time,  etc,  are  altered 
from  the  normal  conditions. 

Tlie  Worth iugton  metf?r,  once  rated,  does  not  clian<,'e  its  rate 
»"itb  clean  water  within  any  interval  such  as  is  cunsuiiied  by 
tests,  and  it  is  much  more  satisfactory  for  night  and  day  contin- 
nons  work  than  any  human  labor  which  could  be  assigned  to  the 
weighing  out  of  tanks.  The  rating  of  the  meter  in  the  present 
case  was  performed  as  follows  : 

Valve  E  was  closed  and  a  valve  not  shown  opened,  so  that  the 
»ater  passing  the  meter  all  escaped  by  a  nipple,  F,  which  led  ofif 
from  the  feed-pipe  between  the  valves  E  and  D.  From  F  a  hose 
tas  led  to  four  barrels  holding  about  5\  cubic  feet  each.  The 
first  few  seconds'  flow  frooi  F  was  led  into  a  pail  until  the  meter 
read  an  integral  number  of  cubic  feet.  It  was  then  switched 
into  the  first  barrel,  and  by  watching  the  increase  of  weight  each 
ten  seconds,  the  valve  F  could  be  adjusted  in  thirty  seconds,  so 
that  water  flowed  at  the  same  rate  as  when  feeding  the  boilers. 

From  ten  to  twenty  cubic  feet,  as  shown  by  the  meter,  were 
then  collected  in  the  barrels  and  weighed,  thus  rating  the  meter 
under  the  exact  conditions  of  current  which  existed  while  the 
boilers  were  being  fed. 


I 
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The  following  table  gives  the  results  of  such  tests ; 


D.Tt. 

""'Y^ir..^- 

MHfS:.  I8SS. 

■ fourtU  S  cobio  feet 

66.40 

TilBl  weight 

W.Sl 

(ipanri«T«nig. 

n.«7s 

The  group  of  meters  for  measuring  the  hot  well  are  shown  il 
Fig.  100  at  li,  C  and  D.   Two  are  2-inch  Crowu  meters  and  the  o 


PS^^fe^l 

fiill^^:S 

if 

,j1^»f^;^.:;^Jt^  '  ^^'^,-;-jSS» 

^^''~^^^^'      ''^^i'^W^ 

^^^MMSh^mI^^M 
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the  middle  is  a  3-inch  Worthington  meter.     F  is  the  end  of 
Ae  hot  well  discharge  pipe,  as  ordinarily  used,  and  from  thence 
k>  the  meters  is  the  temporary  extension  for  the  purpose  ot  the 
twt  J  is  an  air  vent  to  avoid  the  passage  of  air  through  the 
meters.   The  temperature  of  the  water  when  it  reached  the 
meters  did  not  exceed  90  degrees  F.,  so  that  no  trouble  was 
experienced  in  operating  the  Crown  meters.     The  flow  of  water 
was  very  uniform  throughout  the  test.    A  slight  amount  of  vapor 
escaped  at  A.     As  these  meters  were  only  under  the  pressure 
dne  to  the  eight  feet  of  fall  from  the  point  F  to  the  river,  they 
could  be  tested  in  the  ordinary  way.    This  was  done  at  the  test- 
ing room  of  the  Pawtucket  Water  Works,  and  the  result  showed 
that  the  Worthington  meter  registered  one  cubic  foot  for  each  62 
Ik  at  90  degrees  F.,  and  each  of  the  Crown  meters  ofie  cubic 
loot  for  each  63.4  lbs. 

DisposrnoN  of  thermometers  and  general  arrangement  of 

APPARATUS. 

« 

?pft  Rg.  101  is  shown  a  sectional  view  of  the  engine,  with  the 
thermometers  and  meters  attached.  Thermometer  G 
Hi^  meter  valves,  etc.,  are  the  same  as  in  Fig.  99.  Ther- 
oometer  3/ was  a  special  one,  36  inches  long,  graduated  by  H.  J. 
Sreen.  Twenty  inches  of  length  were  devoted  to  the  100  degrees 
)etween  300  and  400  F.  Each  degree  was  therefore  rej)resented 
>y  a  fifth  of  an  inch,  thus  making  the  temperature  of  the  steam 
Qeasurable  with  great  accuracy.  This  thermometer  remained 
•t  about  356.1  degrees  during  most  of  the  experiments,  thereby 
howing  the  steam  to  be  superheated  about  8  degrees. 

For  a  short  time  the  chimney  temperature  rose  from  428  de- 
rees,  its  normal  amount,  to  500  degrees,  and  the  superheating 
lien  became  equal  to  18  degrees,  but  the  average  was  8  degrees, 
ad  the  minimum  2i  degrees. 

The  quality  of  the  steam  was  therefore  determined  to  be  per- 
'ctly  dry  on  entering  the  engine,  without  the  application  of  the 
tore  or  less  vexatious  devices  known  as  calorimeters,  for  the  use 
f  one  of  which,  the  Barrus  su;)erheating  form,  arrangements 
skI  been  made. 

The  thermometer  J  determined  the  temperature  of  the  water 
om  the  suction  well  on  its  way  into  the  condenser. 

Thermometers  /f  and  /measured  the  temperature  of  the  water 
aving  the  condenser,     //extended  just  through  the  pipe  and  / 
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to  uearly  the  ojiposite  side  o£  tlio  pipe  ;  the  former  showed 
Btantlj-  about  104  dpf^rees  when  the  latter  read  aboQt  92  deg 
Tliiij  apparent  anomaly  was  finally  explained  bj  the  conclt 
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that  the  thermometer  H  ahowed  the  temperature  of  aaturatioii 
ot  the  steam  or  vapor  at  the  pressure  given  by  the  vacuum  gauge 
38i  inches,  while  /gave  the  temperature  of  the  mixture  of  cou- 
dpnsiuf;  water  and  condensed  steam. 

Thermometer  A"  showed  the  temperature  of  the  hot  well  water. 
Its  reaiiiaj,'9  were  practically  identical  with  those  of  /,  and  prac- 
tiealh'  with  those  of  0  when  the  latter  were  not  influenced  by 
the  entraDce  of  tlie  condensed  steam  from  the  jackets  into  the 
feed-pipe.  Such  steam  was  pumped  into  the  feed-pipe  at  a  point 
jast  below  J/. 

SA-S-SER  OF  COHMENCING  AND  ENDrUG  THE  F1B8T  TWO  TESTS. 
The  engine  being  at  work  under  its  regular  conditions  of  about 
137  lbs.  boiler  presanre,  the  steam  pressure  was  allowed  to  fall 
by  deadening  the  fires  until  it  reached  about  100  lbs.  The 
engiiie  was  then  stopped  and  the  fires  drawn,  the  grates  and  also 
the  ash  pits  being  cleaned  as  quickly  an  possible.  A  new  fire 
•ad  then  laid  with  a  weighed  quantity  of  wood,  and  as  soon  as 
the  steam  pressure  recorded  130  lbs.  the  engine  was  started,  and 
the  test  was  under  way.  Tlie  water-level  in  the  boilers  was 
Doted  nt  the  time  of  lighting  the  fires.  At  the  end  of  the  time 
afiotted  to  the  test  steam  is  brought  to  as  nearly  as  possible  the 
pressure  at  which  the  wood  fire  was  lighted,  and  the  water-level 
is  also  made  the  same.  Care  was  also  taken  tliat  the  fire  was 
well  burned  out  and  the  pyrometer  in  chimney  falling.  At  the 
moment  set  for  the  end  of  the  test  the  engine  was  stopped  and 
the  fire  drawn  and  weighed. 

To  illustrate  how  little  time  is  lost  in  starting  a  test  in  the 
aboTp  manner,  the  following  abstract  from  the  log  is  given  : 
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Wednesday,  May  30,  1889.    Commencement  of  72  Hourif  TeMt, 


Height  of  water  vtirh  reference  to  a  maik 
on  gla?!*  4  liichf^  above  botrom  of  the 

latter. 


Time. 


Remarkii. 


Boiler    !     No.  1 
PreeHure.i    Boiler. 


8.30  A. 
8.40 
8.45 
9.22 

9.20 
9.30 
I).  32 
9.34 

9.a5 
9.40 
9.45 
0.55 
10.00 


M. 


•  ( 

« ( 
«« 
(« 

<( 

(4 
(< 
>  i 
it 


Ceased  firing 

'  Drew  tires 

'  Engine  stopped 

'Ash  pits  and  grates  cleaned,  new 

I     fires  lighted,  263  lbs.  wood 

Steam  rising 


<t 


Engine  started 

Vac.    Rec. 
iUnder  fall  headway,  V9    5    lbs. . . 
I     "         '*  •'  *•     5^ 

••     7 
"8 

*'    8      '*.. 

I 


it 


4( 


(< 


125 
110 
105 

102 
112 
120 
130 


128 
127 
125 
128 


0 
0 
0 

If 

1  " 

} 


No.  2 
Boiler. 


0 
0 


V 


It 


4 

a" 

4 
f 


No.« 
Boiler. 


0 
0 

li' 

f 


J>  Pyrometer,  410' 


One  thousand  three  hundred  and  fifty  pounds  of  small  coal 
were  in  the  furnace  at  this  time.  The  throwing  on  of  tlie  full 
load  within  one  minute  is  accurately  the  fact.  This  was  done 
several  times  in  my  presence  during  the  above  tests.  The  load 
on  the  engine  was  also  reduced  from  110  to  30  Iba  of  water 
pressure,  with  throttle  wide  open,  in  15  seconda  The  only 
result  was  the  increase  of  speed  from  49^  to  52  revolutions. 
The  governor  has,  therefore,  complete  control  over  the  bursting 
of  a  main. 

The  use  of  a  new  fire  in  making  a  test  of  the  performance  of  a 
boiler  is  the  only  perfectly  accurate  method  of  procedure,  unless 
the  duration  of  tie  test  is  to  exceed,  say,  100  hours.  To  start 
without  drawing  the  fires  and  trust  to  the  judgment  of  the  eye 
to  determine  an  equivalent  condition  at  the  end  of  a  short  test 
may  involve  an  error  of  10  per  cent,  in  the  evaporative  effi- 
ciency. 


DIMENSIONS   OF    BOILERS,   METHODS    OF    FIRING    AND     SELECTION     OP 

FUEL,  ASHES,  CLINKERS,  ETC. 

Three  boilers  were  used.  The  grate  surface  in  each  boiler 
was  a  circle  of  4i  feet  in  diameter  and  15  square  feet  in  area. 
Each  boiler  was  a  cylinder  14  feet  long  and  4  feet  in  diameter, 
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id  vertically  in  brickwork  and  baviug  48  3-iiich  tubes 
hunting  from  end  to  end.  The  total  heating  surface  in  the  three 
Uiilera  was  1,231  square  feet  in  contact  with  watfir  and  508 
«qoare  feet  of  superheating  surface. 

The  boiler  dues  had  been  swept  clean  about  five  days  previous 
to  the  test.  Aa  soon  aa  the  fires  were  evenly  ignited  the  fireman 
was  limited  to  200  Iba.  of  coal  per  hour,  with  an  extra  allowance 
of  100  Ujs.  for  cleaning  every  sis  hours. 

So  oicely  was  the  firing  under  control  that  the  furnace  doors 
were  scarcely  ever  opened  to  look  at  the  fires  between  the  hours. 
Ab  the  hour  approached,  the  allotted  200  lbs.  were  loaded  upon 
a  harrow  and  brought  close  to  the  furnace  of  one  boiler.  The 
damper  of  this  boiler  was  then  closed,  the  fir©  door  opened,  and 
oEp-thiril  of  the  barrow-load  quickly  but  accurately  distributed 
*i'enly  over  the  grate,  and  the  same  operation  was  repeated 
»ith  the  other  two  boilers.  Each  fire  door  was  open  less  than 
ODe  ininnte. 

TliTien  the  fire  was  cleaned  the  engineer  assisted  the  fireman, 
onensbg  the  slice-bar  and  the  other  withdrawing  the  cliukers. 
The  cleaning,  iucludiug  the  addition  of  one-third  of  the  allotted 
100  lbs.  of  extra  coal,  was  accomplished  in  about  three  minutes 
for  each  fire.  On  several  occasions  the  whole  of  the  100  lbs.  of 
cleaDing  coal  was  not  required. 

The  above  refers  to  the  72  hours'  test,  during  which  the  fuel 
was  mainly  stove  anthracite.  It  is  the  practice  of  the  station  to 
screen  this  coal  on  a  1-inch  square  mesh,  thereby  freeing  it  of 
ail  small  pieces  of  the  size  equivalent  to  nut  coal.  The  small 
size,  or  that  which  falls  through  the  screen,  is  used  for  banking 
the  fires,  while  the  larger  or  stove  size  is  used  for  the  bulk  of 
the  work. 

The  small  screenings  were  used  for  starting  the  fires  in  the 
72  hours'  test  up  to  about  sii  o'clock,  as  indicated  in  the  ab- 
stract of  the  log. 

The  refuse  of  the  anthracite  coal  collected  in  the  ash  pits  was 
'52  lbs.  This  was  screened  through  a  s-inch  mesh  and  110  lbs. 
of  unbumed  coal  obtained.  This  coal  was  put  on  the  fires 
during  the  last  or  72d  hour  of  the  test,  after  the  firing  with  fresh 
coal  had  ceased.  The  clinkers  removed  during  the  cleaning  of 
fires  amounted  to  653  lbs. 

The  contents  of  the  grates  at  the  end  of  the  test  amounted  to 
944  lbs. 
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The  anthracite  coal  was  therefore  as  follows  : 

Total  coal  fired , 15.710  lbs. 

Wood,  taken  as  equivalent  to  40  per  ct-nt.  of 

coal 105 

Total  fuel  used 15,815  lbs.  " 

Consumption  per  hour 210.5 

Incombastible  from  ash  pits 641 

Incombustible  clinkers 058 

Left  iu  furnaces 944 

Total 2.288 

Total  combustible 18,*>77  lbs. 

The  total  refuse  equals  143  per  cent,  of  fuel. 

The  bituminous  coal  made  no  clinkers,  and  the  fires  were  not  ^ 
cleaned  during  the  entire  24  hours  of  its  use.  No  separation  of  ^3 
the  ashes  was  made,  the  total  refuse  from  ash  pits  and  grates  4 
combined  being  510  lbs. 

The  total  consumption  was  : 

Coal 5,200  lbs. 

Wood 80 

Total  in  the  34  hours 5,280  lbs. 

Consumption  per  hour,  218.(5. 
Ashes  equal  9.6  per  cent,  of  fuel. 

I  regard  the  above  details  of  firing,  etc.,  as  worthy  of  note^ 
from  the  fact  that  it  is  a  matter  of  well-founded  opinion  that  a 
very  sensible  part  of  the  performance  of  fuel  depends  upon  the 
degree  of  skill  displayed  in  the  firing  when  the  best  results  are- 
obtained.  Beyond  doubt  the  extraordinary  annual  performance 
of  the  l^awtucket  pumping  engine  is  partly  due  to  the  high  state 
of  efiiciency  to  whicli  the  routine  firing  and  other  details  of 
management  have  been  brought  by  Chief  Engineer  Walker's  zeal 
and  intelligence. 

PRINCIPAL   RESULTS — ANTHRACITE   TEST. 

Date,  May  80  to  June  1,  18^9. 
l>urailon,  72  liours. 

Diameter  of  hijsjh-pre-suie  cylinder 15    inches. 

Diameter  of  low-pressure  cylinder .  .  30i 

LenjTtli  of  stroke,  both  cylintlers 80         " 

Length  of  cut-oflF,  hiirli-pressure  cylinder 0.2*2    '* 

L«Min;th  of  cut-ofF,  lovv-prei-sure  cylinder 0.885  '* 

Clearance,  high-piessure  cylinder 4       feet. 

Clearance,  lovv-pressure  cylinier 8.7      ** 
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Von  area  in  perceni,  at  pisum  areii  :— 

Admiaaioii  hijib-piesaure  cvltuilt-r 11.4  (»rrt. 

Exliuust  higk-preanine  cylinder 14.9     " 

AdmisBiOH  low-pressuio  ejliiider 5,4     ■■ 

ExbauBt  low. piesBure cylinder.., 0.8     " 

Dlsroeiprof  all  pump  plunj;rrB 10.53  ir.s. 

DlBtnetrrot  all  rods SJ       " 

Revolmio.ia  per  miuuie 40.(13 

I  Jackets   envelop   botli   cylinders,  includinf^  beads.     Volume 
receiver   approximately   equal    to   volume   of    Inw-presBure 
k'Under. 


Numberinu-B 8 

Water  lieminj;  surface 1.331  rq.  ft. 

SuiHfrheRtJng  surfaco 508 

nrate  earface 45      " 

R»tti)  of  beuting-  to  g»re  surfuti- , , 38.6  " 


137     lbs. 

8*    ■■ 


Avera^  boiler  pressart' 

Average  receiver  piesante 

AviTnjre  bflck-preaiurc  id  low-prPHsure  cylinder. . 

.\rorHge  nnter  pressure  B^ainsl  pmops 

Average  surlion  a^raintil  pumpB 

Avewge  barometer  pressure 


1.25  IbH. 
na      •' 

5.78 


TimperRlui'e  of 


TEMPERATCEE8. 
Bluralrdsleam  at  average  boiler  pn 


Average  temperature  of  aieam  in   pipe  two  feet  from 

Hteaiii  cbeai 3ii6 

Dugreea  oCauperbeat 8 

Tempemliire  of  feed-wal«r  enierlDg  boilers 104 

Temperature  of  feed-water  leaving  hot  well 92.1 

Increa^H  iif    temperature   due   to  edialBBion   of  jachet 

water 11.9 

Teraperainre  of  jarliet  water  entering  feed-pipe 310 

Temperature  of  condenaing  water  leaving  (luction  well.     03 

TempemturH  of  gai-es  at  exit  from  boiler  Buej  428 

TeiDprrsture    i.>f    gaaes    after    paseing    lieater    in   flue 
tliroogli  wbicb  conden^alion  from  receiver  wns  clr- 

cnlated 854 

Tempernlure  of  water  blown  to  wa^te  from  receiver. . . ,   £35 
Temperature  of  the  atm'ispbere 70 

TOTAL   QUANTITIES. 

Anthracite  coal 15,71' 

Eqnivaleninf  wood  at  40  percent.,  2(13  Hiw   Ift 

Total 15,81 
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Ashes,  clinkerei,  etc 2,288  lbs. 

Water  fed  to  boilers,  including  condensation  from 

jackets 140,969 

Condensing  water 4,20t,887 


HOURLY  QUANTinES. 

Fuel 219.5  lbs. 

Feed-water 1,958     " 

Condensing  water 58,351 

Condensed  in  jackets 107 

Condensed  through  receiver \ 156 

Blown  to  waste  from  receiver 118     " 

Averagn  indicated  horse-power,  steam  cylinders 148.89 

Average  iudiciiied  horse-power  of  pumps 188.86 

Average  horse-power  to  overcome  friction  of  engine, 

including  a;r  pump 5.13 

Average  horse-power  to  operate  air  pump 2.35 

Kate  of  combustion  or  coal  per  square  foot  of  grate 

per  hour 4.9  lbs. 

ECONOMY  OF  ENGINE. 

Steam  per  hour  per  indicated  horse-power  of  steam 

cylinders 1,864 

This  figure  should  be  regarded  subject  to  a  possible  error  ( 
3  per  cent.,  due  to  this  limit  of  error  a£fectingthe  determinatio 
of  horse-power  from  indicator  cards. 

Efficiency  of  mechanism  of  engine  pumps 96.4  per  ct. 

ECONOMY  OF  BOILERS. 

Water  evaporated  per  pound  of  fuel  from  102  degrees 

into  steam  at  125  lbs.  pressure ' 8.88  lbs. 

Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  combustible 12.12     ** 

ECONOMY  OF  ENGINE  AND  BOILERS  COMBINED. 

Duty  per  100  lb?,  of  coal  at  actual  efficiency  of 

boilers 124,720,000  ft.  lbs. 

Coal  per  hour  per  indicated    horse-power   of 

steam  cylinder.^ 1.54  lbs. 

If  boilers  had  evaporated  ID  lbs.  of  water  into 
steam  from  actual  temperature  of  feed- 
water,  the  duty  would  be  per  100  lbs.  of 
coal 140,480,000  ft.  lbs. 

Coal  per  hour  ])er  indicated    horse-power   of 

steam  cylindeis 1.87  lbs. 
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:  UPOU    MEASUKEMENT    OF    FEED-WATER   BY    MEAsrBEMENT   f'P 
HEAT  EXHAUSTED   OR  REJECTED  AT  AIR  PUMP   OF  ESOINE. 
The  heat  whicli  entered  tlie  engine  per  hour  was  as  follows  : 
I  1,958  lbs.  of  feed-water,  to  eaeh  pound  of  which  there  was  sup- 
I  pUed  1,221  heat  units,  the  total  heat  of  evaporation,  hence  : 

l!«l  giiren  to  eteam,   1,853  x  1.231  =  2,390,718  lieat  unite. 

Thvdhnney  li^BlPf  evapurates  38  lbs. 
It  235  degrcea  in  atenm  at 
i!  Ibfl.  preapure,  making  38  x  960  ^  36,4^0 

TrjMl  Leal  refeiTed  by  engine 3,427,198 

Tills  beat  is  distributed  as  follows  : 

■'S,35!  lbs.  (if   coDdeneing  water  ia  raised   In 

<i*rii|)erature  froni  B3  deg:^,  loM.l  d^js,  F., 

nmiing I,0fi8.014 

118  Iba.  of  tlie  fted-water  ia  blown  lo  waste 

(rom  thi-  receiver,  representing  1!»  ■  235  =         afl,530 
W  lie,  of  the  feed-water  is  drained  frnm  [lie 

jkukula,  repreBeming  107x31U= 33.530 

Tilt  iBmalnder  of  the  feed-wHter,  or  1,988— 

118-107  ^  1.733  lbs.,  is  found  in  Ibe  hot 

well,  representing  1,783x93.1  - 159,009 

Tb*  indiohted  work  [.erformed.  or  143.49 ho r^e. 

power  represents  143,49  -  1.980,000 

-    -     =  a68,768 

772 
Tbe  ehtimated  radiation  in  20  lbs.  of  steam  per 

Imiir 88.320 

2,324.412 
Biliince  unaccounted  for 102, 7HB 

This  discrepancy  represents  4  per  cent,  of  the  whole  amount 
of  heat.  Part  of  this  is  ascribable  to  the  leakage  of  steam  from 
the  safety-valves  and  stuffing  boxes  referred  to  above,  and  the 
Tapor  which  escaped  from  the  vent  A,  Fig.  100.  The  remainder 
B  due  to  undefined  causes.  The  error  is,  however,  on  the  right 
side  to  make  the  feed-water  measurements  worthy  of  confidence 
as  beiii};  slightly  too  large  and  unfavorable  to  an  exaggeration 
of  the  economy  of  the  engine. 

RITXIMINOUS    TEST. 

All  data  for  this  test  are  the  same  except  the  following : 

Hfvoluiiona  per  minute 49.44 

iTBnige  boiler  preBsurr 128  lbs. 


i 

] 
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Avenure  water  oressure  afiraiust  DuniDS  . . . 

116  Ibfl. 

Average  cut-off  high-prcssare  cylinders.. . 
Average  horse-power  indicated,  steam  cyli 
Av»*rafire  Iiorne-Dower  indicated,  duiiids.  . . 

inders 

0.286 
147.95 
140.74 

Average  horse-pow^r  indicated,  devoted  to  friction. . . 
TotAl  bituminous  coal 

7.21 
5200  Ibii. 

Total  wood  —  40  per  cent,  x  200  — 

80   " 

Total 

5280   " 

Total  ashes 

610   •* 

Duration  of  test.  24  hours  18  minutes 

Fuel  per  hour 

218.6   •• 

Feed-water  per  hour 

2046   " 

E 

Steam  per  hour  per  indicated  horse-power  of  steam 

cylinders 18.82  Ibe. 

Efficiency  of  mechanism 95  per  ct. 

ECONOMY   OF  BOILERS. 

Water  evaporat<»d  per  pound  of  fuel  from  102  degrees 

into  steam  at  126  pounds 9.85  lbs. 

AVater  evaporated  per  pound  of  combustible,  and  at 

213  degrees 12.11    ** 

ECONOMY  OF  ENGINE  AND  BOILERS  COMBINED. 

Duty  per  100  pounds  of  coal  at  actual  efficiency 

ofboiler 127,350,000  ft.  lbs. 

Coal  per  liour  per  indicated  horse-power  of  ^iteam 

cylinders 1.48  Ihs. 

ECONOMY  OF  ENGINE  AND  BOILERS  COMBINED  IF  BOILERS  HAD  EVAP- 
ORATED 10  POUNDS  OF  WATER  PER  POUND  OP  COAL 
FROM  TEMPERATURE  OF  102°. 

The  duty  per  100  lbs.  of  coal  = 145,041,000  ft.  lbs. 

Coal  per  hour  per  indicated  horse-power  of  cylin- 
ders      .• 1.80  lbs. 

By  reference  to  the  remarks  on  the  theoretical  heating  capacity 
of  the  two  kinds  of  coal  it  will  be  seen  that  the  increase  of  duty 
with  the  bituminous  coal  was  not  as  great  as  the  chemical  analy- 
sis indicates  should  have  been  the  case. 

INFLUENCE   OF  STEAM-JACKETS. 

The  engine  was  worked  for  six  hours,  and  again  for  nine  hoars, 
without  the  presence  of  steam  in  the  jackets,  but  with  the  flue 
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reheater  in  action.  The  caal  conauinptioii  was  not  determined, 
the  steam  consumed,  as  shown  by  the  feed  meter,  being  the 
desired  meaaurement  For  six  honrs  the  total  irater  consumed 
irne  aboot  180  cubic  feet  The  level  of  water  in  the  boilers 
eonld  be  made  the  same  at  the  beginuiug  and  eud  of  the  test, 
irithiQ  one-half  inch.  Thereby  the  maximum  error  of  water 
determination  would  be,  for  three  boilers,  about  one-half  of  one 
per  cent.  No  practical  error  is  involved,  therefore,  iu  basing 
onBi'insionB  upon  so  short  an  interval  as  six  hours.  Table  IV. 
sbowB  the  principal  results  compared  with  those  obtained  with 
the  jackets  in  use.  Column  14  gives  the  steam  consumed  per 
Loot  per  horse-power.  There  is  apparently  a  gain  in  economy 
hr  the  use  of  the  jackets,  the  consumption  being  13.62  lbs.  with 
tfaeir  use,  and  aa  high  as  1417  lbs.  without  them. 

But  the  differences  in  cut-off  iu  the  higb-presaure  cylinder 

represent  differences  of  consumption,  which,  theoretically,  may 

cause  the  variations  in  economy.     Furthermore,  the  probable 

error  in  mean  pressure  determinations  from  the  indicator  cards 

may  be  two  per  cent.     It  is  not  possible,  therefore,  to  conclude 

that  the  differences  of  economy  shown  in  column  14  are  entirely 

attributable  to  the  influence  of  the  jacket.    As  a  probable  result, 

the  ftveri^e  of  the  two  testa,  with  and  without  the  jacket,  may  be 

compared.     This  basis  makes  the  gain  in  economy  due  to  the 

jacket  equal  to  about  three  per  cent.     Inasmuch  as  the  complete 

drainage  of  the  jackets  is  regarded  as  important  in  temporarily 

dispensing  with  the  use  of  the  latter  for  the  purposes  of  a  test, 

the  following  explanation  is  made  regarding  the  steps  taken  to 

insure  the  emptiness  of  the  jacket  spaces  when  the  latter  were 

not  supplied  with  steam.     The  pipe  supplying  the  steam  to  the 

jacket  is  one  inch  in  diameter. "  It  connects  with  the  jackets  at 

the  bottom  of  the  cylinders,  and  there  are  no  obstructions  to 

prevent  condensed  water  from  flowing  by  gravity  from  the  jackets 

into  the  well  of  the  jacket  pump,  situated  about  one  foot  below 

the  bottom  of  the  cylinders.     When  the  jacket  is  supplied   by 

steam,  a  "straight-way"  valve  on  the  one-inch  pipe  is  wide  open 

to  admit  the  steam  from  the  boiler. 

When  the  test  without  jackets  was  made,  this  valve  was  closed, 
and  then  a  one-inch  valve  on  the  same  pipe,  connecting  with  the 
waste  pipe,  was  opened  wide,  thereby  causing  the  jacket  spaces 
to  be  violently  blown  free  of  all  water  then  in  them.  The  con- 
nection between  the  jacket  pump  and  the  boiler  feed  pump  was 
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then  closed  by  a  globe  valve,  and  tbe  delivery  side  of  the  pamjH 
opened  to  the  atmosphere.     The  pump  remained  in  action,  aofl 
the  blow-o£f  valve  remained  open  during  the  tests.     The  latte 
were  not  commenced  until  the  engine  had  been  running  about  a 
liour  under  the  above  conditions, 

Table  V.  compares  the  theoretical  steam  consumption  of  tw 
of  the  four  testa.    ColnmnB  10  and  11  show  that  eighty-eight  f 
cent,  of  Bteam  at  release   in  high-pressure  cylinder  appears  t 
cut-off  in  low-pressure  cylinder  with  the  jackets,  and  eighty-four 
per  cent,  without  jackets.    The  re-evaporation  is  about  eight  per 
cent,  of  the  total  conaiuuption  in  both  cylinders  with  the  jacket, 
and  about  half  as  much  without  the  jackets,     The  difference  of 
re -evaporative  effect  with  the  jacket  in  use  represents  just  abont 
the  steam  condensed  in  the  jackets.     This  fact  can  hardly  ba 
regarded  as  proven,  however,  so. far  aa  the  indicator  cards  t 
concerned,  for  the  latter  do  not  show  any  uniform  difference  j 
the  law  of  the  expansion  line  with  and  without  jackets,  respeotF^ 
ively.     This  is  evident  fi-om  Fig,  51,  in  which  the  dotted  points 
between  the  lines  S  S,  S,  S..,  etc ,  represent  the  expansive  lineal 
of  different  indicator  cards  reduced  to  the  same  cut-off  an^ 
length,  all  high  cai'ds   passing  through  A   and  all  low  cai 
through  P. 

The  indicator  cards  were  taken  with  all  ordinary  care  ani' 
skill,  and  with  a  truly  parallel  motion— a  pantagraph  or  Corltas  I 
lazy  tongs  being  used.     But  no  precautions  were  taken  to  elimi-  1 
nate  the  finer  elements  of  errar  in  the  drum*  motion.    Conse- 
quently the  length  of  cards  differed  over  a  range  of  2  per  cent. 
in  about  five  inches.    Such  error  is  nut  important  for  most  other  I 
deductions,  but  it  is  iuadniissiblo  where  such  a  refinement  as  the 
influence  of  jackets   is  to  be  studied.     Arrangements  are  now- 
being  made  to  obtain  cards  with  and  without  jackets  in  use,  by 
the  use  of  more  perfect  indicator  drum  motion. 

COKDinON   OF   ENGINE    AND   BOILERS. 

The  engine  was  placed  successively  on  the  several  dead  cen- 
tres and  the  leakage  of  the  inlet  valves  and  pistons  noted  by 
observing  tlie  escape  of  steam  from  the  proper  indicator  cocks. 
The  greatest  leakage  was  measured  by  attaching  a  hose  and 
leailing  the  steam  into  a  condenser.  From  this  experiment  the 
leakage  in  the  other  cases  was  estimated  by  the  eye. 

ich  errors  In  pnjier  bj  J.  B.  Webb.  Trans.  Aln.  He 
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LEAK  THRODGH    DTLET  VALVE. 

IjR*  Cfliuder  bpad.      E G  lbs.  peiliuur,  bv  ex)>eriiii«nl. 

Low  cjlUiiier  crank,     E. 2   *■  ■'  ■■   estimBtc, 

8(|li  pjliodpr  head,     E ^   ■' 

Hlfili  cylinder  crank.    E 1 ' 

LEAK  THRO0OH  PISTON   KINOS  BY  ESTIMATE. 

Uir-jirTS-arp  cylinder  lieod.     E 2  llif. 

U«-pf«.sure  cylinder  cmnk,  B 4   ■' 

Higb-pres»Lir«  cylinder  bead,   E 0    '■ 

Higli'ptCiiBure  ejlicider  craLk,  E 0    ■■ 

The  flihftQst  valves  could  not  be   conveniently  teateil.     Two 

of  tie  safety-valves  leaked  slightly,  but  it  was  not  considered 

jwiicioua  to  stir   them.     A  leak  was  present  at  the  high  cylin- 

r  in  pistun  rod,   aud  at   the  plunger  of   the  jacket  pump.     No 

rafioniKK  was   made  for  these   leaks  in   the   steam  consump- 


fOMTAIlieON'    OF    PRESSURE    MEASUREMENTS    ANT)    TEST  OF  PRESSUIIE 
GADGEa  AN1>  INniC^TOR   BPHINOB. 
I  The  Ashcroft  Manufacturing  Company  kindly  loaned  me  for 

thia  work   six  of  the   latest  designs  of  the  Tabor  Indicators, 
»hifh  were  sent  directly  fram  their  works  to  tlie  pumping  sta- 
doE    Four  of  these  indicators  were  fitted  with  springs  stan- 
dardized for  use  under  cold  water  pressure,  aud  the  remamiug 
two,  together  with  a  pair  from  the  Winters  cabinet,  contained 
sprinipi  standardized  for  steam   contact.     The  indicators  with 
water  springs  were  tested  on  an  Ashcroft  gauge  tester ;  the  lat- 
ter belonged  to  the  pumping  station,  and  consisted  of  a  hollow 
talw  filled  witli  glycerine,  to  one  end  of  which  the  instrument  to 
be  tested  could  be  attached,  while  at  the  other  end  a  known 
presaare  can  be  produced  by  loading  a  piston  with  weights.  The 
piston  has  an  area  of  0.248  square  inches,  and  weights  were 
provided  corresponding  to  each  five  pounds  pressure  per  square 
inch.    I  found  these  weights  in  accurate  condition,  and  that  the 
water  springs  of  the  indicators  agreed  with  the  testing  appara- 
tus, and  with  each  other,  and  with  the  pressure  gauges  from 
which  were  read  the  water  pressure  against  the  pumps — ^within 
one  pound  per  square  inch,  which  was  the  limit  of  accuracy  of 
tbe  testing  apparatus. 
The  gauges  in  the  engine  room  from  which  the  boiler  press 
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ures  were  read  were  also  tested  on  the  Ashcroft  tester,  with  the 
following  results  : 

Rending  of  Gauges.  Readiug  of  Standard. 

32  j^  lbs.  per  sq.  in.  30  lbs.  per  sq.  in. 


57 

82 

107^ 
123 
128 


55 

80 

105 

120 

125 


Now  the  gauge  is  attached  to  the  vertical  portion  of  the  steam- 
pipe  in  such  a  position  that  there  is  a  column  of  condensed 
steam,  4.62  feet  in  height,  which  interposes  its  weight  between 
the  mechanism  of  the  gauge  and  the  boiler  pressure,  the  gauge 
therefore  fails  to  receive  the  full  steam  pressure  by  the  weight 
of  the  4.62  feet  of  water,  which  amounts  to  1.93  lbs.  per  square 
inch.  Calling  this  two  pounds  and  applying  it  as  correction  to 
the  above  figures,  it  appears  that : 

When  the  steam  reads  30;^  the  boiler  pressure  is  30  lbs. 

55        "  "  55   " 

80        "  "  80   " 

105^      "  «  105   " 

121        "  "  120  " 

126        "  "  125   " 


The  discrepancies  are  all  within  the  limit  of  error  of  the  test- 
ing app<aratus.  Mr.  Walker,  the  chief  engineer,  had  informed 
me  that  he  had  adjusted  the  gauge  to  allow  for  the  effect  of  the 
water  column,  and  I  give  the  above  detailed  account  as  an  excel- 
lent illustration  of  the  skilful  accuracy  with  which  the  details  of 
the  pumping  stations  are  maintained. 

The  steam  springs  of  the  indicators  were  tested  by  using  the 
different  indicators  and  springs  at  the  same  cylinder  cock  at 
times  when  the  conditions  of  boiler,  receiver  and  vaccuum  press- 
ures were  the  same ;  the  fact  that  they  all  agreed  with  each 
other,  and  that  six  of  them  were  directly  from  the  hands  of  a 
standard  manufacturing  company,  was  considered  sufficient  evi- 
dence of  accuracy. 

The  vacuum  gauge  was  not  tested ;  the  average  vacuum  was 
28^  inches,  the  average  barometer  reading  was  30  inches,  and 
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I  ftp  average  back-pressore  in  the  low-pressure  cylinder  1\  pounds 
r  per  nquare  inch,  or  2i  iuchea  of  mercury.  These  figures  make 
*  back-pressure  due  to  imperfect  vacuum  equal  to  30  —  28.5  = 
I  iibcliea  —  0.76  pounds  per  square  inch,  and  due  to  forcing 
ID  out  of  cylinder  0.49  pounds  per  square  inch.  There  is, 
f  therefore,  no  occasion  to  regard  the  vacuum  gauge  as  possessing 
I  iDj  error  of  practical  importance, 

Ths  suction  pressure  against  the  pumps  was  shown  by  a  fioat, 
'  Bfaicb  '•ave  the  feet  of  height  through  which  the  water  was  lifted 
fromthewell.  This  height  averaged  13.35  feet;  the  temperature 
of  the  water  lifted  averaged  63.6  degrees,  F. ;  hence  the  suction 
pressure  was  5.78  pounds  per  square  inch.  The  suctinn  pressure 
was  also  measured  by  a  vacuum  gauge  connected  to  the  pump 
d&mher  at  the  centre  of  the  latter  height ;  the  average  suction 
pressure  by  this  gauge  wa«  5,'i6  pounds  per  square  inch. 

In  the  72  hours'  test  the  average  pressure  shown  by  the  water 
pressure  gange  K  (Fig,  3),  connected  at  the  discharge  pipe  at  a 
point  between  the  purap  chamber  and  the  main  check  valve, 
was  109.fi9  pounds  per  square  inch,  reduced  to  the  level  of  the 
i»Dtre  of  pump  pistons.  Adding  this  to  the  average  of  the  two 
figures  for  suction  pressure  given  above,  we  have  the  total  head 
jiumped  against,  as  determined  by  pressure  gauges,  equal  to 
lla.'l  ponnds  per  square  inch.  This  pressure  should  be  less 
than  the  mean  effective  pressure  shown  by  the  pump  indicator 
oarrb,  by  the  amoont  equal  to  the  foice  required  to  work  the 
pomp  valves,  but  the  mean  effective  pressure  shown  by  the  pump 
indicator  cards  was  from  114.7  to  H5  ponnds  per  square  inch. 
Tiiia  paradoxical  discrepancy  was  apparent  early  in  the  teat,  and 
was  made  the  subject  of  the  most  careful  study.  But  while  the 
errors  involved  in  calculation  of  gauges  and  springs,  ami  the 
fact  that  the  very  fine  scale  of  100  had  to  be  used  for  the*pump 
cards,  may  allow  the  discrepancy  between  the  two  figures  to  be 
set  aside,  there  is  still  no  surplus  to  represent  any  sensible  loss 
of  pressure  due  to  working  of  the  valves.  In  the  calculations  of 
horse-power  and  duty  I  have  used  the  mean  of  the  pressures 
deduced  from  the  gauges  and  indicators  respectively. 

THEORETICAL  HEATING  CAPACITY  OF  COALS   USED  IN  TEBTB. 
Chemical  analyses  of  the  anthracite  coal  used  in  the  72  hoars' 
test,  and  of  the  bituminous  used  in  the  24  hours'  test  resulted 
as  follows : 
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ANTHRACITI.  BITUMINOUS. 

Moisture  l.SOpercent.  l.OSpercent. 

H.vdro|;en 4.60      *'*  5.86 

Carbon 79.30       "  88.00        " 

Sulphur 0.85       "  0.72 

Oxygen 4.65       "  1.50 

Nitrogen 1.90       "  1.45 

Ash 6.90       "  6.45 


100.00       *'  100.00 

Ashes,  clinkers,  etc.,  by  test 14.3         "  10.00 

Assuming  that  the  excess  of  ash  in  the  boiler  fatnace  ov 
that  given  by  chemical  analysis  is  unburnt  carbon,  we  have  tl 
heat  evolved  by  combustion  as  follows,  in  British  thermal  unit 

ANTHRACITE.         BITUMIHOUfl. 

Hydrogen 2,513.00  8,660.00 

Carbon 10,425.00        11.584. 00 

Sulphur 83.00  32.00 

12,970.00        15,236.00 

Besides  the  moisture  shown  above,  it  is  probable  that  eat 
coal  contained  3  per  cent,  more  of  moisture  during  the  tei 
which  dried  out  of  the  coal  during  the  interval  of  a  month  int< 
vening  between  the  time  of  the  test  and  that  of  the  analysis. 

A  sample  of  the  anthracite  coal  dried  over  the  boiler  for  fi 
hours  lost  3  per  cent,  but  no  similar  determination  was  ma 
in  the  case  of  the  bituminous. 

The  heat  evolved  by  combustion  is  distributed  as  follows  : 

1.  Each  pound  of  moisture  requires  1100  heat  units  to  eva 
orate  it  from  78°,  the  temperature  of  the  boiler  room,  to  stet 
at  atmospheric  pressure,  and  also  108  units  to  superheat  t 
vapor  to  428 "",  the  temperature  of  the  chimney.  There  won 
thus  be  consumed  58  thermal  units  for  the  anthracite,  and 
thermal  units  for  the  bituminous  coaL 

2.  Each  pound  of  anthracite  coal  evaporated  8.88  pounds 
water  from  103'  temperature  of  feed  into  steam  at  127  poun 
gauge  pressure,  and  similarly  the  bituminous  evaporated  9. 
pounds  of  water.  There  would  thus  be  consumed  9919  thera 
units  for  the  anthracite,  and  10,444  thermal  units  for  the  bitun 
nous. 

3.  Chemical  analyses  of  the  chimney  gases  in  the  case  of  t 
anthracite  gave  the  following  result : 
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PER   CENT.    BY   TULL'ME. 

V,  C»rtionlc  larlu,nlc  fi.,.o..i.  NtlniEcn 

''"  Acid.  (lildc.  tJijgdi.  ^j,  „|g 


i"nige,  8.7  0.3  10.8  803 

From  these  figures  it  follows  that  with  the  anthracite  the  loss 
of  heating  eflfect  due  to  imperfect  cooibustion  Ijy  formatiou  of 
Mfhonic  oxide  was  132  thermal  units  per  pound  of  coal. 
i  The  above  analyses  of  chimney  gases  give  for  the  average 
weight  of  air  supplied  per  pound  of  carbon  25  pounds,  which  is 
roimJl)-  equivalent  to  20  pounds  per  pound  of  coal.  Adding 
ftS.5,  the  combustible  in  a  pound  of  coal,  we  have  the  weight  of 
pses  escaping  by  the  chimney  as  20.85  pounds  per  pound  of 
conl 

By  measurement  of  the  velocity  of  air  entering  the  ash  pit 
doors,  nith  a  correct  Cassella  anemometer,  it  was  determined 
that  tbe  average  velocity-  for  all  parts  of  the  area  of  opening  oor- 
nsponiled  to  the  supply  of  20.28  pounds  of  air  per  pound  of 
*mI,  to  which  the  addition  of  the  combustible  being  made,  we 
Isve  21.13*  as  the  jionnds  of  chimney  yaa  per  jionnd  of  cckiL 

Taking  21  pounds  as  the  mean  of  the  two  methods  of  deter- 
mination, we  have  the  heat  escaping  by  the  chimney  at  428° 
temperature — 1,954  thermal  units  per  pound  of  coal. 

Snmmarizing  these  expenditures  we  find  the  total  for  the 
anthracits  is  12,263  units,  leaving  12,970-12,063  =  907  units  as 
the  effect  of  radiation  from  the  external  surface  of  the  boilers 
^  from  ash  pit. 

Similarly  the  total  tor  the  bituminous  is  12,577,  leaving  15,226 
-12,577  =  2649  units  for  radiation. 

As  the  coal  burned  per  hour  was  220  pounds  for  both  kinds  of 
fuel,  it  is  not  reasonable  to  suppose  that  over  twice  as  much  radi- 
ahoQ  could  occur  with  the  bituminous  as  with  the  anthracite. 
Allowing  1^  heat  unit  per  hour  per  square  foot  of  surface  per 
<'^rae  difference  of  temperature  as  the  radiation  co-efficient,  and 
tatiog  the  average  diflference  of  temperature  between  the  boiler 

TTie  brick  setting  of  the  (.'orlis?  b  ilera  was  almost  eiitir«lv  encased  in  iron, 
'■•i  ihe  bricltwork  was  in  excellent  eoiidition.  The  openings  for  air  supply 
'toiB  ibe  (rratP  tlirougli  the  fire  door  am.iunt  to  but  one  per  c^n(.  of  the  ft*h  pit 
"peninge,  and  are  tliereforo  neglecWble  in  the  pr-seoce  of  other  souices  of  error. 
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surface  and  the  atmosphere  as  200"",  the  possible  loss  by  radift- 
tion  would  be  150,000  thermal  units  per  hour,  the  boiler  snr&oe 
being  about  750  square  feet.  This  amounts  to  1050  units  per 
pound  of  fuel.  It  is  therefore  probable  that  the  radiation  loss 
for  the  anthracite  is  nearest  correct,  and  that  therefore  the 
bituminous  coal  contained  more  moisture,  gave  more  carbonic 
oxide  than  was  found  for  the  anthracite,  or  that  the  air  per 
pound  of  coal  may  have  been  more,  making  the  chimney  loss 
greater. 

The  probable  distribution  of  heat  may  therefore  be  summa- 
rized as  follows : 

Anthracite.  Bitaminous. 

Con-aiiK^d  in  making  steam 9919  76.5            10,441            68.0 

Ijost  ill  evaporating  moisture 58  0.5 

I^st  by  imperfect  c  mbustiou 132  1.0             3,878            26.4 

Ijost  by  chimney 1954  15.0 

Lost  by  radiation 907  7.0                907              6.0 

Total  by  chemical  analysis 12,970        100.00  15,226        100.00 

Note  — For  fallen  details  see  Engineering  NetD8,  commeociDg  December  38, 
1889.  page  603. 

DISCUSSION. 

Mr.  Cha^.  E.  Emery, — The  impression  left  upon  the  mind 
after  reading  this  paper  is  that  the  saving  due  to  steam-jacketing 
in  general  is  but  3  per  cent,  at  the  greatest,  whereas  it  has 
been  shown  distinctly  in  other  cases  that  there  is  a  saving  of 
about  12^  per  cent.  The  result  stated  in  the  paper  must 
therefore  be  looked  upon  as  a  special  case.  These  engines  are 
quite  familiar,  and  were  undoubtedly  used  with  the  CorlisB 
boiler,  with  superheating  surface  formed  by  vertical  tubes 
extending  above  the  water.  A  very  slight  superheating  would 
account  for  the  absence  of  gain  by  a  steam-jacket  in  the  first 
cylinder,  and  the  presence  of  a  reheater  in  the  intermediate 
chamber  for  the  absence  of  gain  in  the  second  cylinder.  The 
results  due  to  superheating,  those  due  to  reheating,  and  those 
due  to  the  jackets  are  all  of  the  same  kind,  and  in  the  same 
direction.  All  these  processes  simply  reduce  the  amount  of 
cylinder  condensation  by  keeping  the  internal  surfaces  of  the 
cylinder  nearer  to  the  initial  temperature  of  the  steam.  It  is 
true,  as  the  author  says,  that  the  steam-jacket  is  an  imperfect 
means  of  transferring  heat.     This  should  be  considered  as  a 
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3  for  the  reason  that  where  there  is  no  superheating 
BO  reheating,  a  very  appreciable  gain  hae  been  shown  by 
tike  tue  of  the  steam-jacket. 

j/r.  C.  A.  Hague.— 1  gatlier  from  the  paper  that  the  differ- 
Mce  in  the  consumption  of  steam  with  and  without  the  jackets 
liw  been  measured  from  the  indicator  cards.  Now  it  seems  to  ' 
ne  that,  with  a  pumping  engine  driving  such  a  constant  load  so 
Msily  measured,  it  would  give  more  accurate  results  to  base 
the  comparison  upon  the  actual  work  done.  The  errors  of  iudi- 
catorB,  and  the  variation  of  moisture  iu  the  steam  resulting  from 
snperhertting  or  over-saturation,  bring  factors  into  the  question 
which  render  it  very  difficult  to  arrive  at  a  conclusion  in  the 
matter;  and  I  would  like  to  ask  the  author  bow  he  determined 
these  [[uantities  of  water  or  steam,  the  weight  of  steam  per 
horse-power,  and  how  he  determined  the  steam  used  by  the 
engine,  with  and  without  the  jacket.  An  engine  pumping  water, 
or  an  enpine  driving  a  flonr-mill,  is  under  such  a  constant  load 
that  it  seems  as  though  the  work  was  very  easy  to  measure  out- 
side of  the  indicator  itself.  The  water  accounted  for  by  the  in- 
dicator in  a  good  class  of  unjacketed  compound  engines  at  high 
piston  speed  does  not  go  much  above  78  per  cent.,  and  with  triple 
expansion  and  the  higher  class  of  compound  engines  the  eliiciency 
or  the  water  accounted  for  drops  below  that. 

I  had  an   experience   two   or   three  years  ago  in  testing  a 
pumping  engine   on    reservoir    service    almost  identical    with 
this.    The  total   load   was   100   lbs.    to  the  square   inch.     On 
one  of  the   engines  the  jacket   trap   got  out   of  order  in  the 
middle  of  the  test.     The  engine  then  was  indicating  107,000,000 
•intyby  actual  weight  of  water  without  deduction,  and  the  jacket 
trap  getting  out  of  order  we  shut  it  off,  and  the  duty  fell  to 
99,000,000.     Well,  now,  of  course  there  might  have  been  some 
water  left  in  the  jackets,  which  would  lower  the  economy  when 
the  jackets  were  not  in  use,  but  I  have  reason  to  believe  they 
were  empty.     We  shut  off  the  jacket  pipe  and  took  advantage 
of  the  opportunity  for  a  few  minutes  to  see  -what  the  difference 
wotdd  be  in  the  duty ;  and  gradually  as  we  observed  it  it  fell 
from  107  to  99,  which  is  a  difference  of  over  8  per  cent. ;  and,  as 
already  stated,  before  forming  any  opinion  I  would  like  to  know 
how  the  quantity  of  steam  used  is  determined,  and  whether  pow- 
ers are  determined  by  the  indicator,  or  whether  they  are  de- 
termined by  the  water  end  of  the  machine. 
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Mr.  Oherlin  Smith. — As  I  understand  this  jacket  matter,  the 
difference  between  the  results  with  and  without  a  jacket  are 
when  respectively  the  steam  is  allowed  to  circulate  through  the 
jacket  and  when  it  is  merely  shut  off  by  cocks  or  yalves,  leaving 
the  jacket  "  empty  " — that  is,  full  of  air  or  vapor  at  a  very  low 
pressure,  or  whatever  else  may  be  in  there.  I  do  not  know 
much  about  the  subject  experimentally,  but  it  seems  to  me  that 
this  is  hardly  a  fair  test.  In  order  to  show  the  absolute  differ- 
ence of  effect  between  jacket  and  no  jacket,  the  jacket  should  be 
used  in  the  ordinary  way  in  the  one  case,  and  in  the  other  case 
should  be  entirely  removed.  Otherwise  its  contents  act  to  some 
extent  as  a  non-conducting  "lagging."  I  would  like  to  ask  the 
author  whether  he  has  tried  any  experiments  in  this  way.  It 
would  be  an  easy  matter  to  make  a  jacket  in  halves,  or  to  make 
it  so  that  it  could  be  slid  off  endwise,  or  something  of  the  kind, 
so  that  the  experiment  could  be  tried  with  all  other  conditions 
the  same.  It  would  not  be  a  fair  trial  to  take  two  separate 
engines,  built  as  nearly  alike  as  possible  except  in  the  matter  of 
jacket,  because  the  conditions  of  friction,  etc.,  might  be  different. 
But  with  a  removable  jacket  the  thing  could  be  very  accurately 
tried  and  the  real  results  arrived  at. 

J/r.  A.  R.  ^^olff. — The  idea  of  the  steam-jacket,  as  it  has 
always  been  understood,  is  not  to  prevent  the  radiation  of  heat 
from  the  cylinder,  but  to  supply  heat  units  to  the  steam  during 
its  expansion  in  the  cylinder,  so  that  the  rate  of  condensation 
there  will  be  decreased.  It  is  well  known  that  with  a  certain 
amount  of  water  in  the  cylinder  during  admission  the  amount 
will  increase  very  rapidly  during  expansion.  The  idea  of  the 
steam-jacket  is  to  supply  steam'  to  the  jacket  and  have  the  con- 
densation take  place  within  the  jacket  itself,  and  thus  transfer 
heat  to  the  steam  in  the  cylinder,  during  its  expansion,  rather 
than  to  have  the  condensation  take  place  in  the  cylinder  itself. 
On  that  account  the  trial  is  certainly  entirely  fair  for  the  deter- 
mination of  the  relative  eflSlciency  of  the  engine  with  and 
without  a  jacket.  The  presence  of  the  jacket  when  empty  and 
not  used,  incapable  of  radiating  heat  to  the  steam  in  the 
cylinder  isince  it  contained  no  available  heat  units),  would  not 
cause  the  engine  to  show  a  higher  eflSlciency  than  if  no  jacket  was 
round  the  cylinder.  The  point  of  this  paper,  as  I  understand 
it,  is  the  following :  that  with  and  without  jackets  in  this 
particular  engine  the  steam  consumption  certainly  did  not  differ 
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ifieicesfl  of  3  per  cent. ;  that  furtliermore,  the  variatioii  in  the 
inditutor  cards  takeu  approsiraatelv  under  the  same  conditions 
ia  sach  that  it  makes  it  doubtful  whether  this  viiriatiou  in 
the  pcrforuiance  is  not  due  to  variation  in  the  indicator  cards. 
Sot,  if  that  be  so,  the  possibility  of  such  variation  may  enter 
ill  tlie  steam -engine  trials  thus  far  on  record  to  show  the  rela- 
fire  rake  of  jackets,  because  nearly  all — if  not  all — the  leading 
eiperimeuts  in  steam-jackets  were  made  on  steam-engines  in 
vbich  the  indicated  horse-power  and  the  st«am  consumption 
formed  the  record  to  test  the  efficiency.  These  percentages 
of  difference,  to  which  reference  has  been  made  in  discuasion. 
Til,  11  and  12  per  cent,  gain  by  the  use  of  the  jacket,  were 
{oand  on  the  trials  of  engines  in  which  the  indicated  power  was 
mejwiired  and  the  actual  steam  consumption  obtained,  either  by 
the  evaporation  of  the  boiler  and  testing  the  quality  of  the 
iteam,  or  by  measuring  the  heat  units  in  the  steam  as  it  left  the 
cylinder.  Certainly  the  author's  experiments  now  communicated 
to  the  Society  were  made  with  the  greatest  care,  and  whatever 
bearing  the  results  may  have  on  other  experiments,  it  seems 
unfair  to  question  the  correctness  of  the  special  results  on  this 
particular  engine,  because  of  some  other  experimental  records 
inlli  other  eufJiines  not  here,  detailed. 

I  may  add  that  I  have  carefully  examined,  especially  with 
a  view  to  this  discussion,  other  records  above  referred  to, 
in  which  11  and  12  per  cent,  gain  have  been  recorded  as 
obtained,  and  as  far  as  I  have  been  able  to  examine  those 
records,  the  indicated  powers  diflfered  so  widely  within  a  given 
8et  of  conditions  with  jackets,  or  again  without,  that  it  made 
these  records  of  11  and  12  per  cent,  gain  and  the  like  appear 
very  dabious,  indeed,  as  to  accuracy  and  justification. 

Mr.  J.  T.  Henth&m. — I  have  in  mind  a  series  of  experiments 
which  were  made  with  an  engine  ct  about  the  same  type  as  the 
"Pawtucket,"  running  at  the  same  ratio  of  expansion,  with  the 
same  steam  and  water  pressure  and  jacketed  in  the  same  way, 
and  it  was  found  from  a  series  of  twenty-four  and  thirty-six 
hoar  ruus,  repeated  alternately,  that  the  value  of  the  steam 
jackets  was  from  7  to  10  per  cent.  That  is,  that  was  the  value 
of  the  jackets  to  the  economy  of  the  engine  and  baaed  on  the 
actttal  duty  of  the  engine  in  foot  pounds. 

Prof.  J.  B.  11  eftft. — In  some  of  these  tests  of  the  efficiency  of 
jackets  it  seems  that  doubts  exist  as  to  the  accuracy  of  the 
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indicator  cards  and  other  data,  and  it  seems  to  me  that  an^ 
supposed  saving  due  to  the  jacket  must  remain  doubtful  nntT 
it  be  made  reasonably  clear  from  the  theory  why  the  jacket 
should  save,  or  until  such  saving  be  demonstrated  by  an  unim— — 
peachable  set  of  experiments.  It  is  a  question  whether  a  cer-  '^ 
taiji  amount  of  steam  can  be  used  more  economicaUy  in  the 
jacket  than  it  can  in  the  cylinder.  One  of  the  first  conditions 
in  using  steam  to  get  power  out  of  it  is  that  no  fall  of  tempera- 
ture shall  be  allowed  without  a  certain  proportion  of  power 
being  developed.  The  steam  in  the  jacket  of  the  low-pressure 
cylinder  must  be  subjected  to  a  considerable  fall  from  the  boiler 
temperature  to  that  of  the  cylinder,  so  that  there  is  at  once  a 
great  loss  for  the  st^am  which  is  used  in  that  jacket.  There  is 
a  way  in  which  it  may  be  seen  that  the  jacket  might  save.  The 
condensation  of  the  steam  in  the  cylinder,  as  has  been  suggested, 
I  -believe,  by  Bankine,  probably  obeys  the  same  law  as  the 
freezing  and  boiling  of  water — viz.,  that  the  temperature  at 
which  it  occurs  changes  with  circumstances,  and  it  may  be  that 
a  jacket  acts  mainly  to  delay  the  formation  of  the  first  particles 
of  condensed  water.  As  long  as  their  formation  can  be  prevented 
condensation  cannot  occur,  but  as  soon  as  they  form  they  act  as 
nuclei  and  it  goes  on  rapidly.  Tlie  action  of  a  jacket  may  resem- 
ble stopping  a  leak  in  a  dam,  which,  left  unstopped,  enlarges  its 
hole,  and  may  finally  cause  a  loss  out  of  all  proportion  to  the 
small  beginning.  When  condensation  has  once  commenced,  it  is 
doubtful  whether  any  reason  can  be  assigned  why  the  steam 
can  be  used  to  more  advantage  in  the  jacket  than  in  the  cylinder 
itself,  for  the  reason  that  a  loss  of  temperature  occurs  equal  to 
the  difference  between  boiler  temperature  and  the  average  tem- 
perature of  the  inside  of  the  cylinder.  In  view  of  this  unavoid- 
able loss,  it  seems  to  me  doubtful  whether  it  can  be  shown  that 
the  jacket  effects  a  saving. 

Prof.  R,  H.  Thurston. — These  results  are  interesting — in  some 
respects  extraordinary  ;  they  surprise  many  of  us. 

The  result  which  has  been  shown  in  the  author's  paper  is 
one  which  has  not  been  entirely  unanticipated  as  an  abstract 
possibility.  Our  experience  with  jackets  runs  back  now  a  great 
many  years.  With  the  old  single  cylinder  engine  Watt  found — 
and  I  think  a  good  many  engineers  since  his  time  have  found — 
that  by  the  use  of  steam-jackets,  under  the  usual  conditions,  it 
was  perfectly  possible  to  make  a  difference  of  15  or  20  per 
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*iit.  in  the  duty  obtained  from  such  an  engine.      In  the  use 
oleoiupouail  engines,  more  recent  esperimeuta  have  shown  that 
tiiifference  of  10,  or  perhaps  more,  per  cent,  may  be  produced  by 
Hie  proper  use  of  jackets.  The  statement — which  is  undoubtedly 
trae— that  an  engine  of  such  extraordinary  excellence  of  con- 
struction, such  remarkably  elGcient  design,  as  to  give  a  record 
vliich,  at   the    time   of  its  construction,  had  never   been   ap- 
proached, could  still  give  equal  efficiency  without  the  use  of  a 
jacket  is  to  me  one  of  the  moat  interesting  and  inatructive  facts 
which  has  yet  been  experimentally  revealed.      But,  nnting  the 
seTeral  facts  to  which  I  have  referred  in  my  own  paper  and 
heie,  it  can"  be  seen  that  the  effectiveness  of  the  jacket  is  of  pro- 
greasifely  decreasing  magnitude  as  the  perfection  of  our  pro- 
naions  for  increasing  efficiency  in  other- directions  increases. 

In  one  of  my  own  papers,  I  think,  you  will  find  a  remark  that, 
onder  certain  conditions,  a  jacket  may  be  of  no  value,  and  under 
certain  other  conditions  may  even  es^gerate  the  losses  which  it 
vaB  inteDded  that  it  should  reduce.  I  can  imagine  a  condition  in 
which,  in  this  engine,  there  shoukl  be  no  saving,  but  that  the  use 
of  the  jacket  should  give  us  a  decreased  efficiency,  I  should  be 
snrprised  if  it  should  be  so,  but  I  can  certainly  imagine  an  en- 
gine 90  redufing  efficiency  by  the  use  of  the  jacket. 

Accounts  of  the  performance  of  the  Chicago  "West-Side"' 
pQmping  Engine  report  duties  of  ninety-five  and  ninety-seven 
milliong,  and  that  with  compound  engines  unjacketed,  except  on 
their  lower  heads.  Mr.  Wilson,  their  designer,  told  me  that  he 
had  taken  the  view  which  I  have  just  presented  to  you  ;  that  he 
vas  convinced  that  he  could  build  a  cheaper  engine,  and  get  as 
good  duty  when  jacketing  simply  the  lower  heads  as  when  jack- 
elbg  all  over.  He  did  build  an  engine  which  for  the  time  gave 
extraordinarily  bigh  duty  ;  and  he  built  a  cheap  engine.  He  put 
on  a  jacket  which  proved  to  be  effective,  and  a  form  of  jacket 
which  could  be  made  v/ithout  increasing  the  cost  of  the  machine 
very  much,  or  introducing  the  risks  which  always  are  introduced 
by  the  application  of  a  jacket  of  the  ordinary  kind. 

Pr(/.  De  Vobon  Wood. — I  notice  that  the  steam  consumption 
of  the  engine  appears  to  be  remarkably  low.  I  have  watched 
with  some  interest  the  results  of  trials,  and  I  find  that  by  add- 
ing 3  per  cent,  to  this  that  it  is  still  lower  than  any  which  I 
have  considered  authentic  I  do  not  say  this  by  way  of  criti- 
cism.    I  take  it  for  granted  that  the  experiments  are  well  made, 
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but  I  do  it  rather  to  call  attention  to  the  fact  and  also  to 

out,  in  case  I  am  mistaken,  in  regard  to  steam  consumption  ff^^^^^ 

others,  the  fact  that  these  figures  have  been  approximated 

I  would  like  to  have  it  confirmed.  . 

Another  point :    Admitting  the  correctness  of  the  experimei^^ 
and  the  resuhs,  it  would  seem  to  show  in  this  engine  that  SS^ 
empty  steam-jackets  might  have  been  serviceable.     We  canned* 
tell  definitely,  I  suppose,  without  some  such  experiment,  as  wi*^ 
referred  to  by  Mr.  Smith,  in  which  the  whole  steam-jacket  \0 
removed.     But  it  is  possible  that  the  space  once  having  been 
heated  and  filled  with  hot  air,  did  all  the  service  which  the  live 
steam-jacket  could  have  done.     I  was  informed  by  the  engineer 
of  the  Cromwell  Line  that  they  were  running  single  cylinder 
engines  of  long  strokef  and  early  cut-oflF  (about  iV)>  ^^  which 
there  was  an  arrangement  for  a  steam-jacket.     He  said :  "  I 
have  not  used  a  steam-jacket  for  years." 

I  asked  him  why  not.  He  said,  "  It  seems  to  give  ns  as  good 
results  as  when  we  used  live  steam."  He  supposed  that  the 
space  being  filled  with  air  formed  a  hot-air  space  which  pre- 
vented transmission  of  heat  outward.  If  this  be  true,  it  follows 
that  making  the  cylinder  practically  a  non-conductor  of  heat,  it 
is  in  this  case  as  beneficial  as  the  attempt  to  transmit  heat  from 
the  jacket  to  the  cylinder. 

Major  English,  who  has  made  an  extensive  series  of  experi- 
ments upon  the  action  of  steam  in  cylinders,  draws  several  con- 
clusions, among  which  is  the  following  :  "  Beducing  the  area 
of  unjacketed  clearance  surface  as  far  as  possible,  appears  to 
the  author  to  be  unattended  with  any  counterbalancing  disad- 
vantages ;  and  he  is  of  the  opinion  that  it  is  of  greater  impor- 
tance effectually  to  jacket  the  cylinder  covers  and  piston  than  the 
sides  of  the  cylinder  themselves  ;  and  that  the  ecSonomical  results 
obtained  by  the  Corliss  and  other  similar  valve-gear  are  more 
directly  attributable  to  short  steam  passages  and  consequent 
reduction  of  clearance  surface  than  to  any  other  cause."  * 

Mr.  John  C.  Kafer. — The  amount  of  steam  used 'per  indicated 
horse-power,  as  shown  by  the  figures,  is  apparently  very  low, 
and  this  would  imT)ly  tliat  the  steam  was  superheated,  and  if 
highly  superheated  there  would  be  very  little  cylinder  conden- 
sation, and  the  eflSciency  of  the  jacket  would  be  proportionately 
decreased. 

*  Engineering,  November  15ih,  1889,  p.  586. 
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Cixperimeiits  were  made  tweoty-five  years  ago,  showing  tlie 
IflViaiage  of  superheated  steam — if  it  could  be  practically  used 
~thp  object  being  the  same  as  that  sought  after  by  the  use  of 
™  steam-jacket; 

It  is  a  fallacy  to  suppose  that  the  use  of  the  ateam-jacket  will 
prevent  condeuaation  ;  steam  will  be  condensed  in  one  case  in 
Hie  jacket,  and  in  the  other  in  the  cylinder,  the  difi'ereuce  being 
tlut  when  condensed  in  the  cylinder  re-evaporation  takes  place 
on  the  reduction  of  pressure,  and  when  condenHed  in  the  Jacket, 
the  pressure  being  constant,  there  ia  no  re-evaporation. 

If  the  steam  ia  superheated,  there  would  be  very  little  cylinder 
condeosation  in  this  type  of  engine,  and  the  amount  of  steam 
•Momited  for  by  the  indicator  would  approximate  closely  to  the 
«}iiBiitity  of  steam  used  by  the  engine. 

I  should  like  to  know  what  percentage  of  the  steam  used  is 
sccoanted  for  by  the  indicator  with  and  withoutthe  jacket  in  use. 
The  Pfe»i<i£nf. — Before  Professor  Denton  sums  up  the  discua- 
Bon  I  would  call  attention  to  one  other  point,  namely :  that  the 
economy  of  the  steam-jacket  ia  undoubtedly  affected  by  the 
amonnt  of  expansion  cairied  on  within  one  cylinder — that  is,  by 
the  difference  in  temperature  at  the  two  ends  of  the  stroke  ;  tind 
tii'il  tills  might  explain  the  fact  that  different  results  would  be 
obtained  from  an  engine  having  a  very  high  degree  of  expansion 
in  a  single  cylinder,  and  a  compound  engine  having  a  moderate 
degree  of  expansion  in  each  of  several  cylinders, 

P'of.  Jas.  E.  Denton* — I  do  not  desire  the  impression 
created  by  my  paper  to  be  that  the  saving  by  jackets  is  limited 
to  3  per  cent,  in  all  classes  of  engines.  I  am  skeptical,  however, 
about  much  greater  saving  ever  having  been  proved  to  have  been 
caused  by  jackets  on  engines  having  a  speed  of  revolution  up- 
wards of  60  per  minute.  Will  Mr.  Emery  name  any  experimeots 
"fhich,  in  his  opinion,  have  proved  to  the  contrary? 

Mr.  Emery. — I  had  in  mind  those  made  on  the  Gallaltn.  There 
iras  the  same  check  upon  the  results  with  that  vessel  as  in  test- 
ing a  pumping  engine.  It  is  to  be  recollected  that  the  experi- 
ments were  made  under  the  general  direction  of  Chief  Engineer 
U.  S.  Loring,  U.  8.  N,,  representing  the  U.  S.  Navy,  and  myself, 
representing  the  Treasury  Department.  The  vessel  was  secured 
to  a  dock  in  a  slip,  out  of  the  influence  of  the  tide,  and  a  constant 
draft  of  water  maintained  by  keeping  the  supply  of  coal  on  the 
*  Author's  CJosure,  under  the  Ruleii. 
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dock,  and  only  bringing  it  onboard  in  bags  as  required  from  time 
to  time.     It  follows,  therefore,  that  the  resistance  was  the  same 
during  both  experiments,  and  measured  practically  by  the  number 
of  revolutions  of  the  propeller  in  each  case,  so  that  the  econom; 
of  the  steam-jacket  can  be  ascertained  by  comparing  the  actual 
amounts  of  water  evaporated  and  coal  burned  with  the  nnmbeK- 
of  revolutions  of  the  propeller,  entirely  independent  of  results  ob-» 
tained  by  comparing  the  power  shown  by  the  indicator  diagramai 

I  would  only  add  that  all  deductions  from  scientific  researches 
can  be  invalidated  on  this  principle  of  stating  that  the  change  in 
result  due  to  a  particular  modification  is  within  the  limits  of 
error  of  observation,  or  of  the  instruments  used.  Deductions 
must  necessarily  be  made  from  averages  in  experimental  matters, 
the  same  as  in  ordinary  commercial  transactions. 

Prof.  Denton, — The  experiments  on  the  GaUatin  are  i^mi- 
rable,  as  proving  many  interesting  facts.  But  when  studied  with 
reference  to  the  exact  effect  of  jacketing,  they  present  many 
inconsistencies  which  make  it  permissible  to  discount  the  appar- 
ent gain  due  the  jacket  as  shown  by  the  figures  published,  to  the 
extent  of  a  considerable  fraction  of  this  gain.  For  example,  in 
on^  set  of  four  experiments,  Nos.  29  to  32  ("  Peabody's  Thermo- 
dynamics," page  278),  it  is  possible  to  conclude  that  the  jackets 
produced  a  loss  of  upwards  of  12  per  cent. 

Again,  we  have  a  right  to  ask  why  the  steam  consumption  bf 
this  engine  for  about  ODe-quarter  to  one-sixth  cut-off  was  four 
or  five  lbs.  per  H.  P.  higher  than  the  amount  which  practice  has 
clearly  settled  belongs  to  the  conditions.  This  remark  applies  to 
the  cases  where  the  condenser  was  or  was  not  used.  The  very 
best  results,  as  shown  by  experiments  40  and  41,  to  be  attain- 
able only  with  the  use  of  a  jacket,  are  matters  of  every-day 
guarantee  with  first-class  engines  under  similar  conditions,  but 
unjacketed.  It  is  unfortunate  that  some  of  these  experiments 
were  not  duplicated  to  determine  the  probable  error  of  each  test. 

As  regards  the  amount  of  superheating,  it  is  an  omission  not 
to  have  stated  it  in  my  paper.  It  was  carefully  determined  to 
be  2o  degrees  Fahrenheit.  I  am  not  aware  that  we  have  any 
right  to  believe  that  cylinder  condensation  during  admission 
would  be  annulled  by  less  than  some  1 75  degrees  of  superheat- 
ing. The  amount  of  steam  condensed  during  admission  was  23 
per  cent,  of  the  total  steam  consumption  with  the  jacket  in  use, 
and  about  28  per  cent,  without  ii 
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lis  to  giving  nil  of  tlie  data  of  the  teat,  I  am  very  glad  to  do 
i^  uii  it  will   be  found   in  the   form   of  an  appendix  to  the 

There  would  be  no  esBeutial  difference  in  my  conclusiona  re- 
J  nltiug  from  using  the  water  pressara  as  the  mea-ore  of  work  per- 
1  kmod.  But  as  the  friction  of  the  engine  was  variable,  in  consec- 
I  Btrn!  tests  over  a  possible  range  of  about  !i  per  cent,  of  the  total 
f  p<r»er,  the  same  element  of  error  presents  itselt  Regarding  the 
finding  of  some  7  per  cent,  gain  by  dispensing  with  jackets  on  a 
eert&in  pumping  engine,  I  understand  this  engine  to  have  run  at 
abont  15  revolutions  per  minute.  I  do  not  attempt  to  deny  that 
«t  this  speed  of  revolution  there  may  be  the  amount  of  gain 
Bt&ted  by  the  speaker ;  but  I  hardly  think  that  his  figures  can  be 
Moepted  as  not  subject  to  a  possible  correction,  on  account  cf 
the  very  abort  interval  of  time  during  which  the  jacket  was  out 
of  Kction.  Mr.  Hague  ha!4  informed  me  that  the  engine  to  nhith 
hs  referred  was  the  Allis  Compound  Pump,  at  Allegheny,  Pa. 
This  engine  has  one  high  and  two  low  cylinders,  aud  expands 
sbmta  about  sixteen  times  at  about  100  lbs.  boiler  pressure. 

It  is  known  that  the  radiation  of  a  steam-cylinder  is  only 
aimnt  one  per  cent,  of  the  steam  used,  estimated  in  heat,  aud  any 
rariiitinn  oi  this  loss  due  to  the  presence  of  the  jacket  when  not 
nntaimng  steam  is  not  a  sensible  one  iJi  the  problem. 

I  understand  the  engine  referred  to  by  Mr-  Henthorn  was 
boilt  upon  the  same  model  as  the  Pawtueket  engine  tested  by 
me,  but  was  of  Hom^^'whafc  smaller  dimeusious.  I  can  only 
ucoont  for  his  facts  on  the  ground  that,  in  all  probability, 
the  steam  supplied  to  this  engine  was  superheated  to  tie 
full  extent  which  Mr.  Corliss  designed  to  have  his  boilers  se- 
cure, namely,  about  75  degrees,  the  experiments  being  a  se- 
ries carried  on  at  Mr.  Corliss'  works  previous  to  his  makirg 
the  Pawtueket  engine  contract.  Mr.  Corliss  once  informed  me, 
during  a  conversation  regarding  the  value  of  jackets,  that 
he  considered  5  per  cent,  of  gain  all  which  could  be  relied 
upon  from  their  influence,  and  I  have  been  assured  at  another 
time  by  his  brother,  Mr.  William  Corliss,  that  it  is  difficult  to 
recall  instances  in  the  extensive  practice  of  himself  and  his 
brother  where  there  was  proof  of  even  this  small  amount  of 
gain  being  attributable  to  jacketing.  It  should  be  borne  in 
mind  that  this  practice  applies  to  engines  making  upwards  of 
50  revolutions  per  minute.  I  am  glad  to  have  the  support  of 
U 
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90  rigorooB  a  etiident  of  pbysics  as  Profesaor  Webb  regardu 
the  absence  of  any  inconsistency  between  my  position  and  t1 
ther mo-dynamic  views  which  he  has  applied  to  the  question 
the  usefulness  of  jackets. 

I  have  found  that  it  was  the  opinion  among  many  practical 
American  engineers  that,  whatever  the  gain  by  the  use  of  the 
jacket,  it  was  t(J0  small  to  make  itself  felt  by  the  amount  of  coal 
burned,  and  in  several  instances  the  use  of  steam  in  jackets  has 
been  abandoned  and  the  engines  found  to  do  their  work  with 
apparent  difference  of  action  whatever.  I  do  not  mean  to 
urderstood  as  claiming  that  the  jacket  is  not  valuable  on  large 
marine  engines  for  the  purpose  of  heating  up  the  cylinders  after 
the  engines  have  been  idle,  and  in  maintaining  the  c}'liuders 
freer  from  strains  due  to  temperature.  Many  practical  engineers 
believe  in  the  value  of  jackets  for  this  purpose,  and  their  appli- 
cation to  the  latest  types  of  marine  engines  must  be  regarded  as 
valuable  on  these  grounds.  But  so  far  as  experimental  proof  of 
large  economies  dne  to  jackets  is  concerned,  this  general  ci-iti- 
cism  is  to  be  made  :  First,  some  considerable  change  of  condi- 
tions has  generally  existed  between  the  tests  with  the  jacket  and 
those  without ;  or,  second,  the  economy  gotten  by  the  use  of  the 
jacket  could  be  excelled  or  equalled  by  engines  without  a  jacket, 
running  under  practically  the  same  conditions.  For  example, 
Hirn's  claim  of  20  per  cent,  gain,  based  upon  experiments  made 
about  1859,  is  vitiated  by  the  fact  that  the  ratio  of  expansion  with 
the  jackets  was  about  9,  and  ouly  about  14  without  jackets.  This 
range  of  expansion  is  now  known  to  involve  losses  due  to  in- 
crease of  cylinder  condensation  sufficient  to  discount  greatly 
claim  for  the  jackets. 

Hallauer's  test  on  apparently  the  same  engines,  made  sevei 
years  later,  finds  but  8  [ler  cent,  gain  in  favor  of  the  jacket,  and 
conditions  involve  a  difference  of  boiler  pressure  of  about  10 
in  60,  and  one  unit  in  the  ratio  of  expansion,  which  was  about  T.f 

A  similar  analysis  of  Mr.  J.  G.  Mair's  *  admirable  tests  to  de- 
termine influence  of  jackets,  and  of  the  noted  example  in  the 
Bulletin  of  the  MuUhouse  Society,  1878,  where  apparently  30  per 
cent,  of  gain  is  derived  from  the  jacket,  either  leaves  room  to 
discount  the  claim  of  such  gain  on  account  of  wide  differences  of 
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*  ZTun».  Tint.  Citlt  EngT».  of  Ot.  Britain,  VoIh.  LXX.  nnci  LXSIX.    +  See  i 
Smifli'i  Steam  Engine  Praetice,  tbe  Bccoimt  of  "  HuILiuit's  Eiigiac  Tcsia." 
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fitmdition,  or  to  raise  the  point  that  nearly  equal  economy  to  that 
kmi  by  the  use  of  the  jacket  is  available  by  the  best  engines  in 
general  practice. 

I  do  not  mean  to  be  understood  as  believing  that  all  gain 
daimed  for  jackets  by  these  experiments  is  delusive.  Mr.  Mair's 
iests  on  engines  of  slow  rotational  speeds  afford  a  very  good  basis 
far  the  belief  of  considerable  gains  from  jackets  under  such  con- 
ditions. Begarding  the  gain  held  to  be  obtainable  by  jackets  in 
Watt's  time,  his  opinion  was  doubtless  based  upon  the  perform- 
ance of  the  pumping  engines.  In  these  the  range  of  tempera- 
tare  in  the  cylinder,  by  the  principles  of  the  equilibrium  valve, 
was  small;  there  was  considerable  wire-drawing  which  tended  to 
keep  the  steam  dry  during  admission,  and  at  the  same  time  cause 
a  superior  temperature  to  exist  in  the  jacket,  which  makes  it 
quite  reasonable  that  5  per  cent,  of  steam  spent  in  a  jacket  should 
have  enabled  cylinder  condensation  to  be  entirely  avoided,  and 
thereby  some  20  per  cent,  of  gain  made  available.  This  view  is 
supported  by  the  water  consumption  tests  of  Wicksteed  on  a 
Boulton  &  Watt  engine.  •  We  may  freely  admit,  therefore,  that 
Watt's  estimate  of  the  jacket  was  welt  founded,  and  yet  fail  to 
realize  any  such  gain  in  modem  engines,  because  the  latter  do 
not  realize  the  conditions  of  steam  distribution  of  the  Watt 
pumping  engine. 

I  regret  that  one  of  the  speakers  does  not  give  some  explana- 
tion as  to  what  are  the  conditions  which  permit  a  jacket  to  make 
so  widely  different  a  saving  in  different  modern  engines.  Pos- 
sibly his  view  is  based  on  the  theory  of  Cotterill  ;  an  ingenious 
view,  but  lacking  probability  in  view  of  its  ascribing  to  liquid 
water  the  ability  to  absorb  heat  with  an  improbable  degree  of 
rapidity. 

The  case  cited  by  another  speaker  as  occurring  on  one  of  the 
Cromwell  Line  steamers  represents  the  opinion  common  among 
New  York  steam-boat  men. 

Regarding  the  experiments  of  Major  English,  I  have  not  had 
time  to  study  them  closely ;  but  in  tests  made  by  the  writer  and 
Prof.  D.  S.  Jacobus  *  on  a  17  x  30  engine,  not  having  Corliss 
valves,  the  economy  obtained  was  such  as  to  make  it  question- 
able whether  Major  English's  opinion  regarding  the  special 
value  of  Corliss  valves  will  be  found  supported  in  practice. 

*  '•  Steam  Consumption  at  Variable  Speed,"   Trans.  Am.  Soc.  Mechanical  En- 
ginetrs.  Vol.  X.,  No.  CCCXLIX.,  p.  72?. 
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CCCLXXV. 

ON  THE  PERFORMANCE  OF  A  DOUBLE-SCREW 

FERRY-BOAT. 

BT  B.  A.  BTBVEIfS  (A8»0CIATB)  AND  J.  E.  DKNTON  (HEMBEB),  HOBOKXN,  N.  J. 

INTRODUCTION,   BT  E.   A.   STEVENa 

The  first  propeller-boat  used  for  ferry  purposes  was  con- 
structed in  the  first  decade  of  this  century  by  my  grandfather, 
John  Stevens,  and  made  a  run  between  Hoboken  and  Barclay 
Street,  my  uncles,  John  C.  Stevens  and  Eobert  L.  Stevens,  act- 
ing respectively  as  pilot  and  engineer. 

The  engines  of  this  vessel  are  at  present  in  the  Stevens  Insti- 
tute ;  and  while  the  vessel  would  hardly  be  classed  as  a  ferry- 
boat, in  our  understanding  of  the  word,  it  is  a  curious  coihci- 
dence  that  she  was  run  over  the  very  route  on  which  the  Bergen 
is  now  serving. 

About  forty  years  ago  my  uncle,  Robert  L.  Stevens,  and  my 
father,  E.  A.  Stevens,  went  so  far  as  to  have  an  estimate  made  by 
Hogg  &  Delamater,  predecessors  of  the  Delamater  Iron  Works, 
for  a  screw  ferry-boat  for  the  Hoboken  ferries. 

In  1867  a  patent  was  obtained  by  Edwin  L.  Brady,  of  New 
York,  for  a  screw-propeller  ferry-boat.  Two  vessels  of  900  tons 
burden  were  built  under  this  patent.  If  they  were  used  as 
ferry-boats  at  all  it  was  to  a  very  limited  extent.  They  were 
used  subsequently  at  the  moiith  of  the  Mississippi  Biver  as  agi- 
tating dredges.  It  is  believed  that  the  washing  of  the  levees 
caused  by  the  quick  water  from  the  screws  was  so  serious  as  to 
cause  their  use  as  ferry-boats  to  be  abandoned. 

Some  twenty  years  ago  Mr.  Brady  consulted  on  the  matter  of 
screw  ferry-boats  with  the  late  Captain  Woolsey,  of  Jersey  City 
ferries,  General  McClellan,  and  Mr.  William  W.  Shippen,  then 
President  of  the  Hoboken  Land  and  Improvement  Company. 
It  was  Mr.  Brady's  idea  at  the  time  that  boats  could  be  built 
under  proper  conditions. 
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About  the  same  time,  it  is  said,  a  single-screw  vessel  was  used, 
with  only  partial  success,  on  the  Connecticut  Kiver,  to  transfer 
cars  across  that  stream. 

About,  if  not  at,  the  same  time,  Mr.  Francis  B.  Stevens,  of 
Hoboken,  made  a  model  for  a  double-ended  propeller  ferry-boat, 
to  which  I  will  refer  later,  the  subject  having  been  considerably 
discussed  by  the  management  and  by  Professor  R.  H.  Thurston, 
then  of  Stevens  Institute  and  now  of  Cornell  University. 

In  August,  1879,  the  Oxton,  a  double-ended  boat  with  twin 
screws  at  each  end,  was  placed  in  service  on  the  Mersey,  between 
Birkenhead  and  Liverpool.  Since  that  time  a  number  of  simi- 
lar vessels  have  been  built  and  operated  on  the  same  route. 
The  landings  are  made  from  the  side  of  the  vessels  and  not  over 
her  ends,  as  is  the  practice  in  this  country.  The  vessels  are 
considered  successful,  having  great  manoeuvring  power,  and 
being  more  economical  than  the  side-wheel  vessels  which  they 
replaced. 

Four  years  ago  a  paper  was  read  before  this  Society  in  Boston 
by  Mr.  William  Cowles,  of  New  York,  containing  general  draw- 
ings of  a  proposed  screw  ferry-boat,  and  comparing  it  closely 
with  the  prevailing  type  of  ferry-boat  in  use  in  the  New  York 
harbor,  and  with  an  improved  compound  side-wheel  boat  sug- 
^^ested  by  him. 

« 

ilr.  Cowles  proposed  using  a  toggle-joint  on  each  side  of  his 
engine,  so  as  to  give  proper  submersion  for  his  screws,  which  he 
further  proposed  to  protect  from  ice  by  guard  braces,  and  by  a 
false  stem  projecting  down  iu  front  and  connected  with  a  shoe 
running  from  the  keel.  He  further  proposed  usiiig  a  double 
smoke-stack,  carried  up  on  the  divisions  between  the  cabins  and 
the  team  gangway. 

The  ferry  across  the  Straits  of  ?Iackinac  has  long  used  pro- 
peller-boats, being  considered  by  the  company  superior  for  use 
in  ice,  which  in  that  locality  often  occurs  in  fields  four  feet 
iu  thickness,  through  which  the  vessels  have  to  force  their 
way. 

« 

r 

In  December,  1887,  the  steamer  St.  Ifjnace  was  launched  from 
the  works  of  the  Detroit  Dry  Dock  Company  at  Detroit.  She 
was  designed  by  Mr.  Frank  Kirby  ;  is  built  of  w'ood  of  great 
strength.  Her  general  dimensions  are  250  feet  in  length,  50 
feet  in  beam,  and  22  feet  depth  of  hold.  She  has  two  compound 
engines,  each   one  driving  a  propeller  at  opposite  ends  of  the 
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boat ;  the  forward  engine  propeller  being  fimiiU  and  less  powei 
ful  than  the  aft«r  one. 

It  was  found  by  experience  that  propeller  vessels  made  better 
headway  through  heavy  ice  by  proceeding  stern  first  than  by 
going  ahead.  The  usual  practice  had  been  to  back  a  vessel  into 
a  field  of  ice,  run  oat  ice  anchors  at  each  quarter  as  far  as  pos- 
sible, then  to  start  the  vessel  ahead,  throwing  the  quick  water 
from  the  propeller  against  the  ice  through  which  it  was  sought 
to  force  a  way ;  to  reverse  the  engine  and  back  the  vessel  throuj 
the  field  which  had  been  previously  weakened  by  the  flow 
quick  water. 

Mr.  Kii-by's  idea  was  that  a  forward  auxiliarj-  screw  could 
used  to  project  a  stream  of  water  ahead  of  the  vessel,  so  as 
allow  her  to  proceed  continuously  through  ice  of  almost  ani 
thickness,  the  propelling  force  of  the  vessel  in  that  case  being  the 
difterence  between  the  powers  of  the  two  engines.  The  idea  in 
practice  has  been  found  entirely  successful,  the  boat  making 
much  better  time  than  any  of  the  other  vessels  used  in  crossii 
the  Straits. 

The  problem  of  constraetiug  a  screw  ferry-boat  has  been 
long-standing  one  with  the  Hob  ok  en  ferries.  Early  in  the 
70's,  as  previously  noted,  Mr.  Francis  B.  Stevens,  of  Hoboken, 
got  up  a  model  and  some  preliminary  drawings  for  such  a  vessel. 
The  management,  though  not  prepared  for  so  radical  a  departure, 
kept  the  question  before  their  minds  as  a  possibility.  Eai"ly  in 
1885  it  became  evident  that  two  new  boats  must  soon  be  built^ 
and  the  question  was  raised  whether  tley  should  be  made  pi 
pe Her- boats  ^or  not.  With  some  reluctance  it  was  decided  that> 
there  was  not  sufficient  time  to  mature  the  necessary  plans,  as  it 
became  evident  that  the  subject  needed  careful  and  close  study. 
At  that  time,  in  connection  with  the  Superintendent  of  Ferries, 
Captain  C.  W.  "Woolsey,  I  began  a  series  of  calculations  and  ex- 
periments which  ended  some  two  years  later  in  the  model  of 
the  Bergen. 

Shortly  after  we  had  entered  on  the  subject,  Mr.  Cowles'  paper 
was  read  before  this  Society.  The  service  demanded  of  a  New 
York  ferry-boat  calls  for  some  peculiar  features  of  construction. 

The  weight  of  the  loads  carried,  both  in  passengers  and  teams, 
as  well  as  the  strain  caused  by  the  ice,  and  the  danger  of  collision, 
all  call  for  a  hull  of  great  strength  and  rigidity.  Beyond  this, 
the  vessel  must   have  great  stability,  to  resist  burying  by  the 
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tewl  as  irell  as  heeling.  She  must  be  able  in  floating  ice,  and 
ihodd  attain  a  speed  of  abont  twelve  miles  an  hour  in  service. 
The  main  characteriaties  of  the  Bergen's  moilel  are  a  full  £ 


ins  upper  boily,  fine  under-water  body,  with  a  full  water-line,  a 
sharp  A''- shape  midship  section  (Figs.  71  and  72),  and  the  peculiar 
cattiu|»  away  of  the  ends  to  bring  the  rudders  and  screw  within 
the  perpendicular  of  the  stems  (Fig.  73). 
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The   shape  of  the   water-Ua 
and  upper  body  were  determine! 
by  consideration   of  power  in  ioti 
and  stability. 

The  midBhip  section,  in  ordd 
to  give  an  unbroken  line  for  tbf 
shafting,  had  to  have  a  corta 
depth.  It  was  found  that  witQ 
the  required  displacement  tiy 
Form  adopted  (Fig.  72)  was  aboid 
the  only  practicable  one.  The  e* 
perience  on  the  Hoboken  feny, 
moreover,  bad  been  very  favorable 
to  a  sharp  V  section.  The  older 
wooden  boats,  built  on  a  perfeo| 
V  section,  gave  escellent  resulta 
while  of  the  iron  and  steel  boats 
the  Oranfie  and  Mimtclair,  whieli 
mora  closely  approach  that  bsc- 
tion,  gave  better  results  than  the 
other  boats  which  bad  a  semici 
cular  section ;  and,  as  far  as  coulm 
be  Judged,  than  the  West  Short 
and  Pennsylvania  R.  R.  fen 
boat?,  with  straight  sides  and  | 
flfbt  door. 

The  experience  on  the  Hoboken 
ferry,  n-itb  balancsd  rudders  hung 
under  the  keel  and  supported  from 
above,  having  been  very  favorable 
bnth  as  regards  efficiency,  strength, 
and  ease  of  repair,  it  was  decided 
to  use  a  rudder  as  nearly  similuJ 
to  the  ones  in  use  as  conditionftj 
would  allow. 

The  form  shown  in  Fig.  73,  with 
the  ends  of  rudder  stock  supported 
in  the  shoe,  appeared  most  suit- 
'  able,  and  the  fixed  rudder  in  the 
bow  seemed  to  promise  protection 
from   ice   to   the   forward    screw. 
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TUs  Arrangement    has  ehown  itself  perfectly  satisfactory   in 
pnctice. 
He  qaestion  aa  to  motive  power  presented  four  alternatives  : 


1.  Oce  engine,  (.Iriviiig  a  line  of  shaft  with  universal  flesible 
joints,  there  being  an  angle  in  the  shaft  on  each  side  of  the 
engine,  as  proposed  by  Mr.  Cowles. 
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2.  One  engine,  without  such  joints,  and  with  a  straight  shafts  «£ 
as  in  the  Bergen, 

3.  Two  engines,  each  driving  independent  shafts  at  an  angl^^ 
to  each  other,  as  in  the  Si,  Ignct/ce,  and,  I  believe,  in  the  boa^;;^ 
built  by  Brady. 

4.  Two  engines,  eitlier  with  or  without  flexible  joints  in  the'ir 
shafts,  driving  two  propellers  at  each  end,  as  in  the  Mersey 
boats. 

This  last  plan  was  rejected  on  account  of  the  lesser  protection 
from  ice  afforded  the  screws,  and  the  fear  of  trouble  in  riding  np 
on  racks,  as  is  often  done  when  entering  a  slip  with  a  Btrong 
wind  and  tide. 

The  advantages  of  the  first  and  third  methods  Miere  a  deeper 
submersion  of  the  screw  and  a  flatter  midship  section.  The  disad- 
vantages were  the  insecurity  of  the  flexible  joints  in  the  first 
method;  and  in  the  third,  the  increased  cost  of  oonstraction  and 
operation. 

The  cost  of  construction  on  the  plan  adopted  has  shown  an 
advantage  in  the  case  of  the  screw.  The  hull  is  slightly  more 
expensive,  the  engine  decidedly  less  so,  with  the  same  power. 

The  engines  and  boilers  of  the  Orange^  500  L  R.P.,  cost  about 
the  same  as  the  Bergen^s,  660  H.P. 

I  might  add  here  that  the  Bergen  is,  if  anything,  more  powerful 
than  necessarv. 

In  cost  of  operation  it  was  found  that,  in  a  six  weeks'  run,  the 
saving  in  coal  would  more  than  pay  for  the  wages  of  an  oiler  and 
the  extra  lubricators  used.  Whether  an  oiler  is  necessai-y  is 
doubtful. 

As  to  capacity,  the  following  table  shows  a  comparison  be- 
tween the  Bergen,  Orangey  and  Moonachit, 
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It  ia  to  be  noted  in  case  of  tliB  Bfvgeii  tlitit  the  apace  is  more 
•yailable,  eapecially  aa  regards  tennia,  her  team  capacity  being 
{[reater  than  the  Maonachits,  and  almost  equal  to  the  Oi'rnge's. 

A  decided  advantage  in  the  Bergen  ia  the  eaae  n'ith  which  she 
can  be  unloaded,  the  saving  in  the  crowded  hours  of  travel  being 
I'Tery  oonaiderable. 

In  point  of  handling,  the  Bcrtjen  compares  very  favorably 
with  any  ferry-boat  on  the  river.  Her  greater  draught  maJies 
her  exceptionally  steady  on  her  helm,  while  it  is  found  that  she 
can  turn  aa  readily  aa  other  boats. 

Bhe  can  stop  in  a  shorter  distance,  notwithatanding  her  higher 
lllpeed. 

The  defects  which  have  been  found  are  not  incident  to  the  de- 
sign, and  while  there  are  many  depai'tures  that  will  be  made  in 
the  engine  in  the  nest  boat  built,  the  hull  will  be  practically  uu- 
ihanged,  and  uo  alteration  in  the  engine  involving  any  change  in 
■tinciple  has  aa  yet  lieen  found  advisable. 

'  In  closing,  I  would  say  that  the  Bcrtjim  should  be  regarded  aa 
1  experiment  in  adapting  a  style  of  propulsion  which  has  been 
KraocessfuUy  employed  elsewhere  to  the  purposes  of  a  ferry-boat 
a  New  York  harbor.  Whether  use  in  heavy  ice  will  show  auy 
defects  which  may  require  mmlification  ia  as  yet  an  unsettled 
question ;  but  we  feel  full  corJldence  that  no  more  serious  trouble 
than  a  change  in  the  type  of  the  propellers  will  be  met. 

Practically,  the  Bergen  is  preferred  by  passengera  and  pilots 
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alike.     While  the  boat  is  by  no  means  perfect,  she  is  the 
boat  we  have,  and  will  furnish  a  type  for  our  fature  boats. 

Tlie  engines  of  the  Bergen  were  designed  by  Mr.  J.  Shields 
Wilson,  of  Philadelphia.     A  number  of  engineers  gave  us  ^Ayio^ 
and  encouraged  us  bv  their  confidence  in  the  plan  of  building 
such   a   boat.      Among  the   latter  I  may  mention  Mr.  Fnml^ 
Kirby,  of  Detroit,  and  Messrs.  Herman  Winter  and  AndieiT 
Fletcher,  of  New  York.     A  general  view  of  the  engine  is  shown 
in  Fig.  74. 

RESULTS  OF  EXPERIMENTS  TO    DETERMINE    PERFORMANCE    OP    SCREW 

FERRY-BOAT  **  BERGEN." 

BY  J.   E.    DENTON. 

The  objects  of  the  experiments  undertaken  wpre  to  determine 
the  relative  economy  of  tlie  Bergen^  as  compared  to  the  best 
type  of  paddle-wheel  ferry-boat  having  the  common  style  of  over- 
head beam  engine,  a  jet  condenser,  and  drop-return  flue  boilers. 
The  paddle-boat  selected  for  this  purpose  was  the  Orange^ 
one  of  a  pair  of  steel  boats  designed  in  1887  by  Mr.  Francis  B. 
Stevens,  and  representing  the  best  modem  example  of  its  class 
of  ferry-boats.     The  programme  carried  out  was  as  follows : 

I.  The  steam  consumption,  boiler  evaporation,  horse-power, 
and  speed  were  determined  for  each  boat  during  14  hours  of  regu- 
lar ferry  service. 

II.  Each  was  run  to  Newburgh  and  return,  a  distance  of  120 
miles,  without  stoppage,  and  the  steam  consumption  per  horse- 
power determined  at  the  maximum  capacity  of  the  boilers.  Also, 
the  evaporative  economy  of  tlie  boilers,  starting  with  new  wood- 
fires,  w^as  determined  during  an  interval  of  14  hours,  and  the 
speed  was  measured  by  an  estimate  of  the  probable  velocity  of 
tides,  and  a  log  whose  correction  co-efficient  was  approximately 
known. 

III.  The  speed  of  the  Bergen  wtfs  determined  at  the  maxi- 
mum horse-power  for  which  tlie  engines  were  designed,  by  oppo- 
site runs  over  a  1-mile  course,  after  allowing  the  boiler  pressure 
to  accumulate  above  the  avera<j;e  pressure  which  the  boilers  can 
maintain  for  more  than  a  few  minutes. 

IV.  One  of  the  screws  of  the  Bergen  was  removed,  and  the 
power  and  speed  determined  by  runs  over  a  2-mile  course,  first 
with  the  single  screw  pushing,  and  then  with  it  pulling,  the  boat 
at  equal  sj)eeds  of  revolution  of  the  engine. 
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rhe  principal  (lata  and  results  are  shown  in  Tables  1,  2,  3, 

li 

C0SCLUSI0N8, 

Ib  principal  concloBions  drawn  from  tlie  experiments  are  as 
nrs: 

The  steam  used  per  horse-power  for  all  purposes  is  26 
per  hour  for  the  beam  enfjiue,  and  2iJ  lbs.  for  the  triple 
ne,  under  their  average  conditions  of  ferry  service ;  but  the 
nmption  of  the  Bergenia  main  en^ne  is  only  18.3  lbs.  per 
■  per  H.P.,  the  direct-acting  steam  feed  and  circulating 
ps,  etc.,  consuming  about  SJ  lbs,  per  indicated  horse-power. 
.  The  steam  consumption  of  both  engines  does  not  practit-ally 
r  while  in  intermittent  ferry  service  from  that  fouEd  diir- 
lontinuous  working  of  the  engines.  Pages  389  and  402. 
L  The  economy  of  the  drop-return  flue  boiler  of  the  Orange 
K'tically  the  same  as  the  locomotive  type  iu  the  Benjeri,  both 
'Ts  evaporating  on  the  average  about  8  'l-  Iba.  of  water  per  lb, 
ituminoas  coal,  under  ordinary  working  conditions,  thus 
ng  the  consumption  of  coal  per  hour  per  H.P.  about  2.9  for 
jeam  engine,  2.6  lbs.  for  the  Bergen,  for  all  purposes,  and 
lbs.  for  main  engines  alone. 
.  The  speed  of  ttie  boats  under  all  conditions  is  practically 
^eement  with  the  law  of  cubes,  and  by  the  application  of 
law  it  appears  that  for  a  still-water  speed  of  12.0  statute 
per  hour  the  following  statements  are  practically  true  : 
E  paddle-wheel  boat  would  require  642  H.P.,  and  would 
24}  revolutions  per  minute,  with  a  slip  of  26  per  cent. 
5  screw  boat,  using  double  screws,  would  require  680  H.P., 
gine  speed  of  U5  revolutions,  and  the  slip  would  be  l^J 
mt. 

J  screw  boat,  using  one  screw  at  the  stern,  would  require 
[.P.,  162  revolutions  per  minute,  and  the  slip  would  be  18 
■nt. 

?  screw  boat,  using  one  screw  at  the  bow,  would  require 
-P.,  103  revolutions  per  minute,  and  the  slip  would  be  18 
ent,  but  the  recoil  upon  the  hull  of  the  water  which  the 
acts  on  would  make  the  apparent  slip  about  22  per  cent. 
The  screw  at  the  bow,  using  the  same  horse-power  as  the 
at  the  stern  for  equal  revolutions,  propels  the  boat  slower 
he  screw  at  the  stern  by  an  amount  practically  equal  to 
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the  equivalent  of  the  extra  resistance  due  to  the  increase  of 
velocity  of  the  boat  by  an  amount  equal  to  the  velocity  of  slip     ^ 
the  screw.     See  page  438. 

YI.  By  calculations  based  upon  the  accepted  relations  betw^^ 
the  slip  of  the  screw  and  the  velocity  of  a  boat,  it  appears  tlxi^^ 
in  order  for  the  double  screws  to  produce  the  same  speed  as  - 
single  screw  of  the  same  diameter  at  the  stem,  the  slip  of  th.^ 
latter  must  be  to  the  former  in  the  ratio  of  18  to  11^,  andthere^ 
fore  the  cause  of  the  extra  power  consumed  by  the  two  screws 
compared  to  the  one  screw  is  the  fact  that  the  slips  are  as  18 
12.6,  instead  of  as  18  to  11.5.  The  details  of  this  calculation ai^^ 
given  in  the  body  of  the  paper. 


TABLE  L 
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Length 

Beam 

Drauglit  above  base  of  hull 

Iiiimeised  surface 

Augmented  surface 

Co-etficient  of  augmeDtation 

Mean  angles  of  water  lines 

Weightsi. 

Boiler 

Water  in  boiler 

Propelling  wheels 

Propelling  wheel  shaft 

Engines)   without  propelling  wheels  and 

shaft,  but  including  frame,  kelson-',  etc. 
Fresh  water  tanks  filled,  donkey  pumps. 

attachments  (piping,  chimney,  etc.)... . 

Total    machinery   burden,   exclusive    of 

steering  and  ventilating  eng^nen 

Hull  as  launched 

Total  weight,  machinery  and  hull,  as 
launched 


Orakoe. 


211' 

82' 

7'. 8" 

5.571  sq.  ft 

7,847  •' 

1.818 

14° 


«( 


Lbs. 
76,000 

60,000—186,000 
80,000 
24.000—104,000 

182,000 

80,000 


653  tons. 


Bbbgxh. 


200' 

82' 

8'  10" 

5,788  sq.  ft. 

7,524  "     " 

1.299 

18*  18' 


Lbs. 
100,852 
65,000—155.852 

6,000 
27,000—  88,000 

122,000 

86,000 


896,853 
720,848 


558  tons. 


Swowi. 

Ohivob. 

Beroih. 

High. 

Intim. 

Low. 

Wins, 
S.Tt 

7«. 

if  I. 

ISi* 

■^^-■vv:::::::-;:::::::,::: 

i!.» 

Ma  af  AtDlnloD  Pont,  pet  eeoC.  of  'plMoo . 

"» 

BoibCR.-. 

as 

lui«  of  OniK  ii,  iieniliiB  siiVtiiM 

w 

LHI.  ABOTB  ATKOBFHEHe 

Lbs.  Above  ATMorpHEU. 

Bud." 

Self's. 

1!0-HIIe 
Bun. 

g^ 

S 

A.. 

m 

100 

-       V«unn.Pre«arB 

Ktn.. 

T.«k».t™... 

US' 
600° 

s 
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TABLE  ll.-'Continued, 


■** 


GENEBAL   SUMMARY   OF  EXFEBIMENT8  OF  FEBRY- BOATS   *' OBANOB'    AKD 


<< 


BEBOEN. 


»> 


Indicated  Hobse-powsb. 


I. H.  P.,  inclnding  all  pumps. 
I.U.  P.,  not  including  pumps. 

I.H.  P.,  feed-pnmp 

I.  H.  P.,  circulating  pump .... 
I.  U.  P.,  bilge  pomp 


Total  Weights. 


Bituminous  coal  per  hour,  lbs 

Percentage  of  ashes 

Feed-water  per  hour  for  all  purposes 

Feed-water  per  hour  for  pumps,  etc 

Feed-water  per  hour  for  steering  engines,  lbs. 


ErpiciENOY  OP  Boilers. 


Evaporation  at  actual  pressure  and  temperature 
of  feed  per  lb.  of  coal 

Evaporation  from  and  at  212*'  per  lb.  of  com- 
Dustible 


Efficienct  of  Engine. 


Water  for  all  purposes  per  hour  per  I.  H.  P 

Water,  main  engmes  only,  per  hour  per  I.  H.  P 
Water,  feed,  and  circulating  pumps,  etc.,  per 
hour  per  1.  H.P 


Theoretical  water  per  hour  perl.  H.  P.. 
Calculated  from  card   


Orange. 


ISO  Mile 
Bun. 


490 


1,660* 

11% 
18,487 


8.65 
11.00 


27 


20 


Ferry 
Service. 


810 


150 


25 


Bergen. 


120  Mile 
Run. 


666 
0 
8 
U 


1,680* 
7.87j{ 
14,511 
2,858 


r 

0.2 
11.40 


2t.8 
18.8 

160 

Condensing. 
18.2 


Ferry 
Senice. 


650 


150 


8.42 


22.0 


180 

Non-con- 
densing. 


*  These  amounts  are  estimated  from  the  feed-water  consumed,  by  use  of  the  flgares  for  evapora- 
tion  per  lb.  of  coal,  as  determined  from  the  boiler  teste.    See  pages  886  and  802. 
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TABLE  III. 
BtmuART  or  SPBRD  DKTEBtllNATIOKB  0 


1 

2 

1 

i 

«■ 

1 

ill 

lij 

.is.. 

EiTuiiTEii  Srmn. 

Cmromoi... 

■II 
III 

From  AogmcuWd 

From 

■ 

4 

. 

. 

7 

■^^^ '";"";:: 

lU 

TOO 
'ffl 

If 

w'.t 

il 

11. w 
7.46 

11.9 

ie!a 
11 .« 

etna  l»crair*t  sens... 

1 

1* 

1 

11, M 
13.42 

e,DH 

n.e? 

S 

12.T 

OBeXcnwntBow..,. 

«t 

Il.M 

M.S* 

11.99 

IS.O 

•  Aranined  to  be  IB  per  cent,  tor  ulcn! 


TABLE  IV. 

•DLB-WHBKL  BOAT    ' 


Hen. 

H.P. 

Speed.™ 
eutnte  Klleg. 

lU 

apeodCticnlatcdrrom 

Apparent  Slip. 

Speed  EstliDBled  br 
SUtute  mllei. 

«0 

.1. 

26 
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TABLE  V. 
II EABOR EVENTS  HADE  OH  BCRKW  OW  "  BKBOKR,"  AB  PER  Tift.  TS. 


, 

. 

Angle  belwiwD  linee 

ilj 

1 

„„. 

Angle  belween  licH 

1 

1 

PH 

I>«1gn.- 

In 

Dcdgn.- 

In 

liOD. 

Deg™,- 

1 

ll 

llou. 

Degr™. 

■^1 

1^11 

e-w 

lO-SI 

SV 

8  194 

sa-o-s8 

7'1I>' 



■ 

«i 

sisiw 

38-0-18 

»-18 

2) 

« ! 

U.IW 

2T-0-1X 

l-W 

97-lJ 

1 

1-10 

« 

S.TM 

14-fl 

WIS' 

jJ4 

B.O«fl 

T-ia 

slew 

«-4 

B.S 

* 

7.e*s 

S-O-II 

IB'M' 

18-111 

S-10 
S-11 

18-17 

10^ 

si 
SI 

AvBHwe  pitch  for  Po. 
for  points,  S-&.  7-«r 
Arerue  pitch  for  Pu 

Iniialdeof  blada 

( 

11-0-5 

^^fi> 

THUf    hlB 

iaii'iii'<^ai:ta 

B) 

f 

8  Tvi 



S-O-b 

B)'*4' 

8-B 

t 

»'.■;** 

l-0-« 

45"  »' 

ifl-iS 

i^ 

8,S» 

B.»T4 

1-8 

■  1 
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PAET  L 

EXPERIMENTS  WITH  PADDLE  FERRY-BOAT  "ORANGE.' 


^ 


ONE  HUNDRED  AND  TWENTY  MILE  TEST  OF  PADDLE-WHEEL  FEBBT-fiQi 

*'  ORANGE." 

With  the  boat  at  the  dock,  the  banked  fires  were  spread 
4  A.M.,  Aug.  15,  and  steam  raised  to  20  lbs.  The  engine  was  then 
worked  until  steam  fell  to  10  lbs.  At  6  a.  M.  the  fire  was  hauled, 
the  grates  and  ash  pit  being  well  cleaned. 

A  new  fire  was  then  made,  using  1,425  lbs.  of  cord-wood.  ThiB 
fire  was  lighted  at  6.20  A.M.,  and  the  boiler  evaporation  test  dates 
from  this  time. 

The  steam  pressure  was  then  8  lbs.,  and  the  boiler  contained 
about  81,000  lbs.  of  water.  The  steam  pressure  commenced  to 
rise  at  7  A.M.,  nnd  was  about  20  lbs.  at  8  A.M. 

The  engine  was  worked  at  the  dock  until  9  A.M.,  when  the 
boat  left  for  Newburgh.  The  throttle  was  opened  wide  at  lO-SO, 
and  the  water  consumption  test  of  tbe  engine  alone  dates  from 
this  time,  a  special  mark  being  made  on  the  water  glass  to  note 
the  water-level  in  the  boiler.  From  the  time  of  starting  up  to 
10.30,  the  engine  being  under  throttle,  a  boiler  pressure  of  30 
lbs.  was  maintained,  and  the  cards  taken  at  10  26  showed  496 
H.P.,  the  speed  of  the  engine  being  704  revolutions  in  30  minutes, 
or  23.5  per  minute.  When  the  throttle  was  opened  wide,  the 
boiler  pressure  quickly  fell  to  20  lbs.,  but  during  the  run  from 
10.30  to  11  A.M.,  558  H.P.  were  indicated,  and  the  engine  made 
719  revolutions,  or  23.9  per  minute.  The  average  boiler  press- 
ure was  19  lbs.  for  this  interval.  Steam  continued  to  fall  up  to 
12  A.M.,  when  the  pressure  was  17  lbs.  The  H.P.  averaged  482 
and  revolutions  23.0  per  minute. 

The  steam  pressure  averaged  23  lbs.  until  the  arrival  at  New- 
burgh, about  1.52  P.M.  The  H.P.  for  this  inter\'al  averaged  581, 
and  the  revolutions  24  per  minute.  The  engine  was  checked  at 
Newburgh  only  long  enough  to  reverse  the  direction  of  its  rota- 
tion, about  three  minutes  being  consumed  before  the  boat  gained 
full  headway  toward  New  York. 

From  causes  not  determined,  the  steaming  capacity  of  the  boil- 
ers rapidly  decreased  after  2  o'clock,  the  steam  pressure  being 
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Hi  Ik  at  2.30  P.M.,  and  llj  at  3.30,  with  the  revolutions  at  21.8 
pel  mmte  and  H.P.  420.     The  engine  was  then  throttled  to 
lHoiTsteMi  to  rise,  and  at  -t  P.M.  the  boiler  pressure  was  17  Iba., 
(is  revolutions  being  20.3  for  the  half-hour  and  the  H.P.  376- 
^10  rofit  steadily  to  24  lbs.  at   430  and  30  at  5  P.M.,  and 
wersgeil  27  lbs.  until  6.30  p.m.,  when  the  boat  reached  her  dock 
atHoboken.     The  amount  of  throttling  is  shown  by  cards  a  and 
e(Fig.83),    The  speed  during  thia  interval  of  three  hours  under 
tiirottle  averaged  22.5  revolutions  per  minute,  and  the  H.P.  aver- 
aged Ui.   The  amoant  of  steam  used  during  the  five  hours  under 
fall  boiler  pressure  was  determined  by  a  meter  to  be  1,095  cubic 
ieet    Each  cubic  foot  registered  by  the  meter  was  determined 
lij calibration  of  the  latter  (under  ita  actual  working  conditiona) 
ta  represent  65  lbs.     Hence,  in  five   hours,  71.175  lbs.  of  steam 
•ere  generated,  or  14,235  lbs.  per  hour. 

A  7  s  9 '  *  Niagara  direct-acting  steam-pump  used  233  lbs.  per 
fioiir  from  12  o'clock  until  4.30.  Hence  the  engine  alone  used 
14.235-  f  y.  233,  or  13,996  lbs 

Tlie  average  H.P.  from  10.30  a.m.  to  3.30  p.m.  was  518.  Hence 
dtesteftm  used  per  hour  per  H.P.  was  27.25  lbs. 

The  amoant  of  steam  used  during  the  three  hours  under  throt- 
tle was  36,725  lbs.,  from  which  is  to  be  subtracted  one  hour's  use 
o(  the  pump,  making  30,492  lbs.  of  steam  for  three  hours,  or 
I2,IW  lbs.  per  hour.  The  average  H.P.  was  444,  making  the 
(WDsatnption  of  st^am  per  hour  per  H.P.  27.40  lbs.  In  using  the 
[  level  of  the  water  in  the  boiler  aa  a  basis  for  eatimatiug  the  heat- 
I  ing  of  the  water  contained  therein,  an  error  of  ^"  of  level  may 
I  enter  at  either  the  beginning  or  end  of  the  test.  This  involves 
!  1,200  lbs,  of  water  aa  a  possible  error  due  to  1"  of  difference  of 
trater-level.      For  the  five-hour  test  the  resulting  variation  in 

steam  consumption  per  hour  per  H.P.  is      -  -^^  =  0.5  lbs.,  and 

for  the  three-hour  test  ^r^—.-r,  =  0.9  lbs. 
3x  444 

The  possible  viiriiition  due  to  the  estirnatiou  of  the  pump's 

•This  pump  delivered  water  from  the  river  loto  tlie  fefd-tsnks  ;  it  was  run 
ondrrtliroltle  at  probnbljlO  lbs.  pressure  above  the  almoEpbere,  at  100  revolntioDs 
per  mlDate.  It  was  started  at  12  o'clock  aod  stopped  at  4.80.  Its  sleam  coDsnmp- 
lioo  ie  estimated  aaanmiDfr  10  per  cent,  dparance,  and  tliiit  tbree  tiniM  a^t  macli 
sleam  entered  iho  cylinder  as  would  fill  its  pisioii  and  clfBraiice  volume.  The 
mTDrio  tliia  compDlation  does  not  exceed  one.tbird  of  ibe  Hteain  iovolved  for 
pomp  alone,  or  two-thirds  of  one  per  cent,  of  the  sienm  used  b;  the  engine. 


I 
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consnmptioii  of  ste&m  is  about  0.2  lbs.  per  hoar  per  I 
farther  variation  of  1  per  cent,  or  0.2  lbs.,  may  arise  fn 
sible  error  of  calibration  of  the  meter.  It  therefore  fi 
the  meaaurement  here  recorded  determines  the  cons 
the  engine  between  the  following  limits  only : 

PnMib 

Hlnlmi 

Steam  per  hour  per  H. P.  without  ihrotUe 36.a 

"  "  "  using  •'      ,. M.* 

Manifestly  no  deduction  regainling  the  relative  e 
throttle  vs.  no  throttle  should  be  made  from  these  figi 
most  reliable  deduction  is  that  under  mixed  conditions 
with  part-open  and  full-open  throttle,  such  as  comm 
in  practice,  the  consumption  per  hour  per  H.P.  aver^ 
entire  eight  hours,  27.3  lbs.  of  steam.  Table  I.  givej 
observations  during  the  trip. 

TABLE  VI. 


Sler.in 
<!«ufe. 

IlKbes. 

».,..„...,, 

power. 

Time. 

of  Kevo- 
hillnn 

PerMin. 

R». 

II 

1 
S 

e 

JO 

so 

00 
90 

w 
» 

00 

so 

SO 
17( 

i 

141 

Hi 

17( 
251 

HI 

i' 
1 

EB 
20 

96 

^:»7 

10,311 
Tl>i4 

aa.o 
*i:h 

598 
4Bi 

4M,7 

Throttle  wide  op 
Fig. 

Av.^. 

.7 

ae 

a.H      1       490       1 

The  boiler  test  ended  at  7.20  p.m.,  making  it  estei 
interval  of  thirteen  hours.  The  pressure  at  the  time  < 
the  fires  was  20  lbs.      The  total  water  ted  was  130,260 
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Iwni,  U,yi5  lbs.     Taking  the  1,425  lbs.  of  kindling  wood  as 

iralimt  to  ,*„  as  mticb  coal,  we  have  the  total  fuel  equal  to 

135  lbs.  of  eoftl.     The  fire  was  well  burned  out  at  the  close  of 

M.   Tbe  total  refuse  from  grates  and  ash  pit  was  1,659  lbs. 

tiew/iter  in  the  boiler  was  at  260"  at  the  close  of  the  test 

Ijt^'  »t  the  start,  we  must  credit  tbe  fuel  with  the  boat  to 

intiVBight  of  water  in  the  boiler  thrnugh  20''  Fahrenheit. 

^mmts  to  81,000  X  20  =  1,620,000  thermal   units.     The 

Itr  jOmited  was  determined  to  be  perfectly  dry  by  the  jet 


Pio.  88.— ISO-mile  ran  ot  "  OrenKe." 

ethod.  Its  average  pressure  was  20  lbs.  above  the  atmosphere, 
r  which  the  total  heat  of  evaporatiou  is  1,192  thermal  units, 
he  average  temperature  of  feed-water  was  93°  Fahreubeit. 
!ence  each  pound  of  steam  required  of  the  fuel  1,192  —  93  =  1 ,099 
lermal  nnits. 

Therefore,  1,620,000  thermal  units  represent  the  evaporation 
f  1,473  lbs.  of  water  from  93°  into  steam  at  20  lbs.  Tbe  total 
raporation  of  water  was  therefore  131,733  lbs.,  with  15,235  lbs. 
(  Virginia  bitumioouB  coal,  or  8.65  lbs.  of  water  per  pound  of 
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coaL  The  ashes  amount  to  10.9  per  cent  of  the  coal.  1 
average  temperature  of  uptake  was  SOO"".  If  the  air  per  pound 
coal  was  19  lbs.,  the  heat  escaping  by  chimney  per  pound 
coal  was  20  x  (500°  x  80°  temp,  fire  room)  X  0.24  specific  heal 
2,016  thermal  units.  Taking  13,000  heat  units  as  the  total  h 
evolved  by  the  combustion  of  a  pound  of  the  coal  with  the  ab 
percentage  of  ashes,  the  waste  by  chimney  is  15.4  per  cent.    1 

steam  absorbs   '  lon/U-     X  100  =  73.2  per  cent.     This  lea 

11.4  per  cent,  to  be  dissipated  by  radiation  from  the  exterioi 
the  boiler  and  ash-pit,  and  heat  contained  in  the  fuel  and  ref 
on  grates  and  in  ash-pit  at  the  close  of  the  test. 

If  the  evaporation  had  taken  place  under  atmospheric  pn 
ure,  and  the  feed-water  been  at  212°  Fahrenheit,  each  poun( 
steam  would  have  required  966  thermal  units  from  the  { 
Hence  the  evaporation  per  pound  of  coal  would  be 

8.65  X  ^^  =  9.83  lbs. 

yob 

The  total  combustible  being  89  per  cent,  of  the  total  fuel, 

evaporation  per  pound  of  combustible  from  and  at  212°  will 

9  83 

^^—-  =  11  lbs.     Boilers  of  first-class  design  evaporate   irou 

0.89 

to  12  lbs.  of  water  per  pound  of  combustible  from  and  at  2* 
with  natural  draught.  The  boiler  of  the  Orange  is  shows 
Fig.  85. 

The  Heating  Surface  of  the  Boiler  is  distributed  as  follows : 

Furnace 217  sq.  ft. 

6-16"Flues 250*'     '• 

76—  5"  Tubes  and  Rear  Connection 1,088  '*     " 

72-  4rTube8 1 

2-  6"        **     

2-8"        '*    yi,488  "     " 

2-  8i"       ''    j 

J-  9"        '*    and  Middle  Connection J 

Total 3,048  sq.  ft* 

Total  Grate  Surface 80  pq.  ft. 

Heating  Surface  divided  by  Grate 8S  "    '^ 

Steam  Space 500  cu.  ft* 

Approximate  determinations  of  temperatures  gave  resulfe 
follows : 
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■e  of  Rmi 3.500°  Fahf.* 

"   Oiifes  Leaving  Furnace 1,600°* 

"   Rear  Conneciinn 1,000' 

"   Middle        ■■        TOO" 

■'   Uptake 500° 

U  Top  of  Chimiiej 435° 

1   ON    THE   THEOHETICAL   DI8TIUBUTI0N    OF   CHIMNEY    DRIDQHT. 

he  chimney  waa  of   unprotected  sheet-iron.     Its   diameter 

i  60  inches,  and  height  above  the  top  of  the  boiler  4ti  feet 

B  surface  exposed  to  the  atmosphere  was,  therefore,  about  575 

}  feet.     Peclet  gives  for  the  rate  of  loss  of  heat  fi'om  such 

Morface  1.5  heat  units  per  square  foot  per  hour  for  each  degree 

of  temperature   betweeu   the    interior   and   exterior 

bLces  of  the  chimuey. 

According    to    this    the   loss    of    heat    per    hour  would   be 

S'^fi  X  1.5  X  400  =  350,800  heat  unite,  assuming  that  the  average 

difference  of  temperature  was  400". 

The  total  heat  lodged  in  the  escaping  gases  at  500'  tempera- 
ture would  be  500  X  IG  X  0.24  x  1,400  =  2,500,000  heat  units; 
the  weight  of  gas  per  pound  of  coal  being  assumed  at  15  f  lbs.,  the 
weight  of  coal  consumed  per  hour  being  1,400,  aud  the  specific 
heat  of  the  products  of  combustion,  beinj;  0.24, 

Consequently,  the  loss  of  heat  in  passing  up  chimney  should 
,       350,800        ...^       „„^ 

The  actual  loss  of  temperature  observed  was  65'. 

The  total  height  of  chimney  producing  draught  was  54  feet. 

The  rate  of  combustion  was    '     -  =  17.5  lbs.   of  coal  per  hour 

per  square  foot  of  grate. 

The  cross-section  of  chimney  is  15  sq,  fi  =  0.18  X  grate  surf^ 
"         "         "         Ist  set  of  flues  is  8.4  sq.  ft  —  0.095  >:  gr.  sur. 
'      =  0.12     X      " 
3d     "      "  10. 

The  weight  of  gases  passing  through 


the  temperature  of  the  chimney  the  vol 


=  0.12     X     " 
bese  sections  per  second. 


ume  per  second  will  be 


•  Eatimaitail  from  J.  C.  Hoadley'fl  "Measurpments  on  Warm  BIbbi  Boiler." 
i  Tills  figure  is  per  pound  of  coal,  tint  cnrbon.     It  is  aasumed  by  compariw 
ith  ibe  menBurements  made  on  ihe  BeTgtn't  drauglit. 
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6,5  X  25.0  =  163  cubic  feet ;    making  the  velocity   up  cluniQejq 

— ■-  =  10.8  feet  per  second. 

The  frietional  reBistauce  of  a  stack  50  inches  diametef;^ 
and  46  feet  long,  due  to  this  velocity,  is  eqiial  to  the  weiglij 
of  a  colamQ  of  gas  one  foot  square  and  of  a  length  equal  I 


<l^iVL 


.05  X  46 


1  foot ;  in  which  g  is  the  acceleration  dw 


to   gravity,  or  32.16,  and  .05  a  co-efficiont  of  friction  for  8oo( 
surfaces.     At  the  temperature  of  500"  the  density  of  the  chiql 
ney  gas  is   practically  one-half    that  of    the  atmospheric 
so  that  the  difCereiiee  between  the  weight  of  a  column  of  snd 
gas  and  a  column   of  air   of  equal  height  is  equal  to  the  weigU 
of  the  column  of  gas  itself.     This  difference  is  the  force  pre 
ducing  the     chimney   draught.      Hence,  the   1    foot    of    frio- 
tional    resistance    dne    to    the    chimney   may    be    considered^ 
to  represent  the  effect  due  to  1  foot  of  the  chimney's  height.  ' 
In    passing  through  the  six.  6"  flues,  the  density  of  the  gases 
is  one-half   that   of  the   gases   in  chimney,   but    the   velocity 
is  thereby  twice  as  great  for  equal  area.     The  actual  velocity  for  ■ 


equal  volume  is 


150 
8.4  ' 


19  feet  per  second.     Taking  the  frictio 


^X  ]0  =  4  feet  of  chimney  height. 


inversely  as  the  density  and  as  the  sqnare  of  the  velocity,  we  haw 
the  height  of  chimney  to  overcome  the  resistance,  the  flues  beioj 
10  feet  long. 

09)=      .05   ^   {2f^ 

Similarly,  for  the  resistance  in  passing  through  the  76-5"  tub( 
there  is  required  8.4'  feet  of  chimney,  and  for  the  72-4^"  tabi 
etc.,  forming  the  last  pass  to  the  stack,  there  is  required  4.6  it 
of  chimney. 

To  accelerate  the  gases  from  a  state  of  rest  to  their  iiiial 
velocity  in  the  chimney,  requires  2  feet  of  chimney ;  and  for  the 
three  changes  of  direction  we  should  allow  three  times  as  much 
as  for  acceleration,  or  6  feet  of  chimney.  For  the  resistance  to 
passage  through  the  grate  and  fire  we  should,  by  POclet  and 
Bankine,  allow  0.0017  x  Volume  Gases  flowing  per  second  at 
temperature  of  500'  in  cubic  feet.     This  gives  38  feet. 

Hence,  the  total  height  of  chimney  required   should  be, 


For  ueeleratEoD 
"   Clilmnef 
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For  Tnroa  in  pasaageit 0 

"    PclcUcm  through  passaj^e  of  10"  flues 4 


A.  draught  gauge  46  feet  below  the  top  of  the  chimney  avor- 
Iged  0.33  inches  of  water.  By  formula,  page  288,  Rankine's 
Bt  Eng.,  we  have 

&e»d  in  inoheaof  water  =  0.192  -^  ^0.0807  +  ^,  )  x  ^,  Vo  being 

fli«  Tolume  of  air  at  32''  supplied  to  each  lb.  of  fuel,  and  To  +  Ti 
lliB  iilisolute  temperatures,  autl  It  the  height  to  top  of  chimney. 
Takbg  Vo  at  250,  To  =  500,  and  7',  1,000°,  we  have  head  of  water 
liy  theory  eqnal  to  0.37  inches.     As  the  water  gauge  cannot  be 

leaJ  as  closely  as  -g^,  the  agreement  between  theory  and  ob- 

wrrationia  quite  satisfactory. 

raST  OP  PADDLE-WHEEL  FEUBY-BOAT  "  OHAMOE "  IN  BEOOLAB  8EB- 
VICE,  MAKISO  HALF-HOURLY  TRIPS  FROM  BARCLAY  STREET 
K  SOBOKES. 

Commencing  at  7  hra.,  02  mins.,  30  sees.,  P.M.,  August  8,  the 
performance  of  the  boat  was  recorded  until  9  hrs.,  42  mins.,  10 
sees.,  A.M.,  August  9.  Table  VH.  shows  the  detailed  obaerva- 
hoDa.  Thus,  in  Column  1  is  given  the  time  of  leaving  the  slip  ; 
IE  Column  2,  the  time  when  the  engine  was  at  full  speed  ;  Column 
3,  the  interval  between  these  events,  or  the  time  at  which  the 
engine  was  at  half-speed ;  Column  4  gives  the  time  when  the 
*Bgiae  waa  "  slowed  down  ; "  Column  5,  the  period  during  which 
™  speed  had  been  maintained ;  Column  7  gives  the  period 
(iunnftw]ijglj  engine  was  worked  with  the  bar;  Column  8  gives  the 
flelajinriverafterleavingtheslip;  Columns  15 and  16  show  how 
'"^S  steam  wasted  though  the  safety-valve  ;  Column  18  gives  the 
reading  in  cubic  feet  of  the  meter  which  measured  the  feed- 
^ter.    Columns  19  and  20  give  the  revolutions  made  by  the 


I 
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From  the  table  we  deduce  that  during  a  total  time  of  aerrioe 

amounting  to  14  hrs.,  39  mins.,  40  sees., 

hrt*.  Ill  ins.  sec*. 
0        25      50    was  devoted  to  "getting  up"  speed  in  leaTlng  the  dock. 

6  7      16      "  *'  running  at  full  speed  m  crossing  the  river. 

2        20        0      *'  *'  running  slow  with  engine  worked  by "  bar." 

0  5      45      "    consumed  in  delays  in  mid-river  with  engine  at  rest. 

8        58      51     Total  time  boat  was  out  of  slips.  • 

The  throttle  was  practically  wide  open  during  the  whole  inter- 
val that  the  boat  was  away  from  the  slips. 

The  speed  during  the  interval  of  25  mins.  and  50  Bees.,  de- 
voted to  attaining  full  speed,  may  be  taken  at  half  full  speed. 
After  slowing  down,  the  average  number  of  total  rsYolutions 
made  by  the  engine  under  the  control  of  the  "  bar  "  was  12  ;  the 
range  being  from  10  to  16.  As  there  were  48  trips,  we  may 
therefore  assume  that  12  x  48  =  576  revolutions  were  made  with 
the  engine  worked  by  the  "  bar."  The  total  revolutions  during 
the  entire  time  were  10,631.  The  steam  consumption  per  stroke 
when  working  by  "  bar  "  may  be  taken  at  twice  that  for  regular 
action.  Hence  we  may  consider  the  total  revolutions  of  the 
engine  as  equivalent  to  10,631  +  576  =  11207  revolutions  at  full 
throttle  and  regular  valve  action  under  an  average  boiler  pres- 
sure of  32  lbs.  above  the  atmosphere.  The  steam  consumed  was 
2,091  cubic  feet,  each  cubic  foot  representing  65  lbs.  Hence,  by 
weight  the  steam  amounted  to  135,905  lbs.,  which  was  evaporated 
in  14  hours  and  40  minutes. 

As  the  amount  wasted  by  the  safety-valve  is  insignificant,  this 
weight  of  steam  represents  the  consumption  of  the  main  engine 
and  the  steering-gear  engines.  The  latter  have  two  5"  x  5" 
cylinders,  and  made  about  800  revolutions  per  hour  during  the 
test. 

Allowing  double  the  weight  of  steam  displaced  by  the  pistons 
and  7  per  cent,  clearance,  the  amount  of  steam  consumed  will  be 
approximately  1  per  cent,  of  that  of  the  main  engine. 

To  arrive  at  the  average  horse-power  of  the  engine  we  may 
consider  that  576  turns  in  2  hours  and  20  minutes,  the  time  of 
"  bar  working,"  is  equivalent  to  3.2  revolutions  per  minute,  or  to 
a  speed  of  about  one-eighth  of  the  average  "  full "  speed  of  the 
engine.  The  mean  eflfective  pressure  under  the  "  bar  "  is  about 
I  of  that  under  cut-off.  Hence,  we  may  consider  the  action 
under  "  bar  "  as  equivalent  to  f  x  ^  x  (2  hrs.  and  20  mins.)  at 
full  speed,  or  to  28  minutes  at  full  speed 
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jain,  the  25  mins.  and  50  sees,  devoted  to  "  getting  up  "  speed 

quivalent  to  12  mine,  and  25  aeca,  at  full  speed.     Hence  we 

IPSiay  conceive  the  total  of  10,361  revolutions  as  made  at  lull 
speed  daring  6  hra.  7  mina.  16  sees.  H-  40  rnina.  25  seca.,  or  6 
hra,  47  mius.  41  sees.  This  makes  the  average  revolutions  per 
niiiinte  25.4. 

The  average  mean  effective  pressure  of  the  indicator  cards. 
Fig.  84,  was  31.9  lbs.     Combining  these  two  figures,  we  have  as 


I 
I 


Averftge  Card  o(  the  Orange  in  Ferry  Service.     Full  Throttle. 

the  arerage  horse-power  of  the  engine  in  regular  service  810 
ttP. 

Dividing  this  into  the  water  consumption,  135,905  lbs.,  and 
waresaltbythetime  in  which  the  engine  developed  theSlOH.P., 
"^.  6  hours  48  minutes,  we  have  as  the  steam  consumed  per 
Wr  per  indicated  H.P.,  24.7  lbs. 

_  Subtracting  one  per  cent,  for  the  steering  engines,  the  consump- 
wn  of  the  main  engines  alone  under  32  lbs.  boiler  pressure,  ^^g 
tnkiff,  25.4  revolutions,  and  26  inches  vacuum,  becomes  2445 
i^  per  hour  per  H.P. 
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This  figure  must  be  taken  as  subject  to  an  error  of  about  ana 
pound,  in  consequence  of  the  nature  of  the  conditions  of  the 
measurements,  making  the  possible  maximum  25.5  lbs. 

Comparing  with  the  consumption  under  the  conditions  of 
steady  running,  at  17  lbs.  boiler  pressure  and  22.9  revolntiooi^ 
which  we  have  found  to  be  26  lbs.  per  hour  per  H.P.  as  a  mim- 
mum,  we  find  that  the  superior  boiler  pressure  of  32  lbs.,  used 
in  regular  service,  should  make  the  steam  per  H.P.  ff *  =  H  of 
that  for  17  lbs.  boiler  pressure.  This  gives  for  the  probable 
theoretical  consumption  at  32  lbs.  boiler  pressure,  26  X  f { = 
24.45  lbs.  The  result  is  practically  in  agreement  with  the 
actual  measurements,  and  it  must,  therefore,  be  concluded  thit 
the  intermittent  use  of  the  engine  in  ferry  service  does  not  prw- 
tically  interfere  with  the  realization  of  the  maximum  economj 
which  would  be  expected  of  the  engine  under  continnooe 
service. 

This  conclusion  should  not  be  regarded  as  opposed  bj  the 
fact  that  the  engine  cools  by  radiation  during  its  periods  of  rest, 
and  thereby  induces  extra  condensation  of  steam  during  re-startr 
ing ;  for  such  cooling,  during  the  short  time  a  ferry-boat  is  at 
rest,  lowers  the  temperature  of  the  interior  metallic  surfaces  ao 
few  degrees,  that  a  single  revolution  of  the  engine  may  restore 
the  metal  to  the  average  temperature  at  which  it  is  maintains* 
by  the  phenomena  of  cylinder  condensation. 

TEST  OF  LEAKAGE  OF  VALVES  AND   PISTON   OF  "  ORANGE." 

Inasmuch  as  the  degree  of  possible  tightness  of  poppet  val^^ 
is  subject  to  some  variance  of  opinion,  a  careful  test  of  the  val^ 
and  piston  was  made  as  follows :  l^he  boat  being  in  regu^ 
ser^dce,  and  the  conditions  of  the  engine,  as  regards  expanB* 
by  heat,  thoroughly  normal,  a  hose  leading  to  a  condenser 
scales  was  attached  to  the  indicator  cocks,  and  the  sum  of  ^ 
leakage  of  steam  through  the  valves  and  by  the  piston  de"* 
mined :  1st.  When  the  pressure  on  both  sides  of  the  piston  "^ 


*  This  difference  is  due  simply  to  the  effect  of  a  nearly  constaDt  back  pre^^ 

in  the  two  cases.     The  mean  back  pressure  is  4.5  lbs.  per  sq.  inch.     This 

a  loss  of  18  per  cent,  of  the  mean  forward  pressure  for  17  lbs.  boiler  pre.«i 

but  only  13  per  cent,  for  82  lbs.  pressure.     It  follows  that  the  steam  jier 

I 0  18       82 

for  32  lbs.  boiler  pressure  should  be  z — ^r^  =  a,,-  of  that  for  17  I  be. 

'^  1  —  0.13       87 

pressure. 
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d,  both  exhaast  and  odmissioQ  valves  being   seated.     2d. 

Tien  one  side  of  the  piston  was  connected  with  the  condenser. 

1  each  case  the  leakage  wa3  48  lbs.  per  hour,  thereby  prov- 

y  the  piston  tight,  and  that  the  entii-e  leakage  was  through  the 

The  leakage  io  sei-vice  at  >i  cut-off  would  be  probably 

one-half  of  this  amount,  or  'i  per  cent,  of  the  total  steam  used. 

The  piston  rings  are  espandetl  by  their  own  elasticity  with  a 

_.  force  of  about  5  lbs.  per  square  inch.     The  engine  had  not  been 

lOverhauled  for  about  one  year  and  had  been  steadily  in  use. 

SPEED   op  THE   "OEANaE." 

The  boat  left  the  foot  of  First  Street,  Hoboken,  at  9.30  A.M., 
I  August  15,  1889,  and  arrived  at  Newburgh  at  1.52  p.m.  The 
distance  by  chart  is  59  statute  miles.  The  speed  along  shore 
was,  therefore,  59  -^  4gJ  =  13.50  statute  miles  per  hour.  The 
time  of  high  water  was  11.16  a.m.  at  Governor's  Island,  and  2.45 
1*.M.  at  Newburgh.  The  tide  was  therefore  at  about  the  pei-iod 
f  medium  velocity  during  the  whole  run. 

The  medium  velocity  is  known  to  be  about  2.0  miles  per  hour) 
llence  the  speed  through  the  water,  or  still-water  speed,  was  11.5 
statute  miles. 

On  the  same  run,  the  time  to  paas  between  posts  10  statute 
miles  apart,  near  Yonkers,  was  43  minutes  41  seconds,  giving,  for 
the  speed  along  shore,  13.73  statute  miles  per  hour,  making  the 
still-water  speed  11.73  miles.  A  patent  log  gave  for  the  same 
distance  a  still-water  speed  of  12.18  statute  miles  per  hour, 
which  would  make  the  tide  1.55  miles  per  hour,  but  as  shown 
in  connection  with  tests  of  the  Bergen,  the  log  gives  results 
about  1  mile  per  hour  too  great,  which  would  make  the  tide  2.55 
miles,  and  the  corrected  speed  on  log  11 18  miles  per  hour. 
A^in,  the  log  reading  between  Weehawken  and  Newburgh— a 
chart  distance  of  56  statute  miles — was  48.38  statute  miles  be- 
tween 10  A.M.  and  1.52  p.m.  This  gives  for  the  still  water 
speed  12.5  statute  miles,  which,  corrected  for  error  of  log,  be- 
comes 11.5  statute  miles. 

On  tho  return  trip  from  Newburgh  the  times  of  high  water 
and  tides  should  have  been  approximately  as  follows : 
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Time  of 
High  Water. 

Time  at  which 
Orange  Passed. 

Tide^StatatelOi 
per  Hon. 

Governor's  iBlaud 

11.16  A-M. 
11.46 
12.46  P.M. 

1.00 

1.16 

1.30 

2.15 

2.45 

6.20  P.M. 

5.42 

6.80 

6.00 

4.15 

8.25 

1.62 

Weehawken 

+  8.0 

Riverdale 

+  8.0 

Yonkers 

+  8.7 

Irvington 

+  2.7 

Haverstraw 

•H  2.0 

West  Point 

-0.5 

Newburgb 

-2.0 

Multiplying  tide  values  by  the  distance  travelled  by  shore,  i» 
find  the  average  equivalent  to  a  constant  tide  of  1.26  stato' 
miles  with  the  boat. 

The  time  to  Weehawken  was  4  hours  18  minutes,  giving 
speed  with  reference  to  shore  of  56  -r-  4.3  =  13.0  statute  miU 
Hence  the  still-water  speed  was  13.0  —  1.25  =  11.75  miles.  T] 
log  gave  a  still-water  corrected  speed  of  11.0  statute  miles.  ( 
the.  same  trip  the  boat  passed  between  the  10-mile  posts 
Irvington  and  Biverdale  in  40  minutes  and  50  seconds,  maid 
the  speed  by  shore  14.5.  statute  miles.  The  probable  tide  i 
2.85  miles  ''with  boat,"  making  the  still-water  speed  11.65.  1 
log  gave  a  still-water  corrected  speed  of  11.3  statute  miles. 

Summarizing  these  results,  we  have : 


Still-water  speed  59  miles  run,  Hoboken  to  Newburgh,  b^  Tide  Table. 


Statute 
perH( 


<< 


<* 


t  ( 


ti 


<( 


(< 


<( 


56 
10 
10 
56 
56 
10 
10 


Weehawken 
via      •* 
via 


ti 


«t 


<« 


«< 


by  log. 


N*  burgh  to  Wfeehawk'n, 


by  Tide  Table. 


•( 


via  Weehawken 


via 


«t 


by  log 

by  Tide  Table. 


Average. 


11. 


The  indicated  horse-power  and  revolutions  averaged  538  ( 
ing  the  trip  to  Newburgh  and  560  during  the  return — the  n 
lutions  varying  from  23.4  to  22.5. 

The  average  horse-power  both  ways  is  490  and  the  revoluti 
22.9  per  minute.  These  figures  and  the  above  average  sp 
should  be  considered  liable  to  an  error  of  at  least  5  per  cent. 

THEORETICAL  SPEED  OP  "  ORANGE "  FOR  490  H.P. 

The   wetted    surface   and    obliquity  of    water  lines  of 
Orange  are  as  follows : 


Immenfd  Snrface. 
Bqante  Feel, 

W.ler  LinS.. 

.^■"r^^."'AlSi. 

IMndradders 

son 

1311 
1604 
145S 

800 

5571 

0' 

17°  45' 
15"  15' 
17"  30' 
19°  45' 

At.  U"    0 

1.000 

bd  to  I  It  line 

>ftll»lo4ft.line 

4(l.li»ia6ft.UDe 

Ift.  Km  to  7  (t.  4  to.  line,... 

I»U1 

1.3«8 

1.280       ■ 
1.3S0 

Av.  i.aie 
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Mnltiplying  each  co-efficient  by  tlie   surface  controlled,   the 
tm»g&  value  of  the  co-efficient  of  angmeutation  is  1.319. 
The  angmented  surface  is  therefore 

5,571  X  1.319  =  7,347  square  feet. 
Bj  the  fornmlsB  of  Kankine's  shipbuilding  treatise  the  force,  in 
piraads,  to  propel  a  hull  through  the  water,  is 

Augmented  surtaoe  X  (!.P"«i  m_knot^perho»r)-^ 

Henoe,  the  force  to  propel  the  Orange  at  one  knot  per  hour 
Bhould  be  73.47  lbs.  One  knot  per  hour  is  100.8  feet  per  minute. 
Hence,  to  propel  the  Orange  at  one  knot  per  hour  should 
Mquire 

Aasnme  that  25*  per  cent,  of  the  indicated  horse-power  is 
wasted  in  the  frictional  resistances  of  the  engine  and  disturbances 
in  the  motion  of  the  water  other  than  slip.  Assume  also  that 
the  Blip  ia  27*  per  cent.  Then  only  0.75x0.73  =  0.55  of  the 
indicated  horse-power  is  available  for  the  propulsion  of  the 
InlL 

Tbis  traction  of  490  H.P.  is  269  H.P.     Hence 


I 


Vo. 


:  ^1.210  =10.65, 


^  tie  speed  in  knots  per  hour  which  should  result  from  490  in- 
i^B  feathering-pnddli;  steamei  Admiral  vna  of  nearly  the  eame  aize  and 
I""W  aa  (he  Orange,  wirh  the  fame  area  ot  paddles  and  paddle  wbeela. 
"""k'ue  found,  from  liis  own  experiments  with  this  vessel,  a  frictional  loss  of 
^  pn  cent.,  and  &  slip  ot  23  per  cent.  It  is  therefore  reasonable  to  increase 
""^  GgiLies  for  the  radial  paddles  of  the  Orange.  This  allowance  for  f  i  Ictiou 
■■•Im  Coo ria tent  with  the  calculated  friction  of  the  machine r;  with  a  co-efficient 
"f'riciionof  lOoercem. 
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dicated  horse-power.    This  calculation  of  speed   amounts 
using  a  constant  of  18,000  instead  of  20,000  in  Bankine's  forma 

2  p  ^     speed'  X  20,000 

augmented  surface  * 

The  result  is  equivalent  to  a  still-water  speed  of  12.25  stainj 
miles,  a  figure  not  beyond  the  probable  limit  of  error  of  the  ol 
served  speed  of  the  boat. 

THEORETICAL  SPEED  CALCULATED  FROM  SLIP  OP  PADDLES  OF 

"  ORANGE." 

The  paddle-wheels  of  the  Orange  are  21  feet  diameter  t 
outside  of  floats.  The  latter  are  20  inches  deep  (radially)  m 
4  feet  long.  They  are  distributed  over  20  spokes  on  each  hi. 
of  the  wheel,  a  float  on  the  outer  half  being  midway  betwee 
two  floats  on  the  inner  half.  When  four  floats  are  submerged  a 
one-half  of  the  face  three  are  submerged  on  the  other  hal 
When  the  boat  is  at  rest  the  outer  edge  of  a  vertical  float  is  aboi 
33  inches  from  the  surface  of  the  water.  If  the  centre  of  preat 
ure  is  assumed  to  be  11  inches  from  the  outer  edge  of  the  floal 
then  the  slip  for  22.9  revolutions  per  minute  is  27  per  cent  i 
a  still-water  speed  of  11.5  statute  miles  per  hour,  and  23  p 
cent,  for  a  speed  of  12  miles  per  hour.  Let  it  be  assumed  tb 
the  stream  of  water  acted  upon  by  the  paddles  is  equal  to  t 
maximum  submergence  of  33  inches  times  the  total  face  of  t 
wheel,  or  8  feet ;  then  the  total  area  of  stream  reacted  by  be 
paddles  together  is  44  square  feet.  Then,  if  the  wheels  se 
astern  each  second  a  volume  of  water  equal  to  this  area  tin 
the  velocity  of  the  centre  of  pressure  of  the  wheels  per  second 
actual  speed  of  boat  -5-  (1— slip).  The  velocity  which  this  wa 
receives  is  equal  to  the  slip  expressed  in  feet  per  second  : 

actual  speed  of  boat       i  • 
= ^.^ X  slip. 

The  force  required  to  be  exerted  by  the  paddles  to  create  tl 
velocity  is  the  product  of  the  latter  by  the  weight  of  the  voltu 
of  water  sent  astern,  divided  by  gravity,  or  32. 

Hence  the  force  exerted  by  the  paddle  is 

(lP««dof  .^o«Lt):  X  slip  X  48  X  |3  n„ 
(1  —  slip)  32 

in  which  63  is  the  density  of  the  water.    If  this  force  be  mi 
tiplied  by  the  feet  moved  per  second  by  the  boat  in  still  wai 
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10  product  is  foot-poiinda  of  work,  and   if   divided  by  550  the 
[Botieiit  ahoald  be  the  horse-power  to  propel  the  hull,  aod  the 
btbtei  eliould  be  0.55  of  the  indicated  horse-power,  as  previously 
Biplaiued. 
Heuc£, 

nr-       mn       fspeed  of  boftt)'         ,.  44  X  63 

0.5o  X  490  =  -^ ,.  „  ■  ■  X  slip  X  -^^. rijj , 

(1  —  sbp)'  *^       550  X  32 

inwlucli  the  speed  is  expressed  in  feet  per  second, 
fiesce,  speed  in  statute  miles  per  hour  should  be 


"/A 

ay  - 


55  X  490  «  (1  —  slip)' 


44         X        slip 


I 


I 


For  27  per  cent  slip,  this  gives  a  speed  of  10.23  miles. 

For  23  per  cent.  Blip,  this  gives  a  speed  of  11.25  miles. 

Either  a  less  valne  for  slip  or  a  leas  value  for  the  area  of  the 
streain  acted  upon  is  necessary  to  make  these  figures  agree  with 
the  results  of  observations  of  speed.  For  example,  if  the  slip  was 
30  per  cent.,  the  speed  estimated  from  the  slip,  with  the  same 
1KB  of  stream,  would  be  12  miles.  A  reduction  of  slip  to  this 
figuri.' would  be  causpd  by  either  a  change  of  speed  of  rcvolu- 
tioDs  to  22.5  per  minute  or  by  the  assumption  of  a  speed  of  12.5 
miles  an  hour.  Neither  of  these  alterations  of  data  are,  bow- 
em,  warranted  within  the  probable  limits  of  error.  On  the 
other  hand,  with  a  reduction  of  the  area  of  stream  equal  to  20 
petceni,  a  slip  of  23  per  cent,  corresponds  to  a  speed  of  12 
Kiiles,  which  f^ees  with  the  upper  limit  of  observed  speed. 
Sach  a  reduction  of  area  involves  a  reduction  of  6  inches  of  dip 
cl  paddle,  and  it  is  not  unreasonable  to  suppose  that  some  ap- 
proiimatiou  to  this  may  be  caused  by  the  shape  of  wave-surface 
produced  at  the  paddle-wheel  by  the  motion  of  the  boat  Be- 
MOea  these  possibilities  for  modifying  the  data,  the  distinction 
hetweeu  real  and  apparent  slip  should  be  considered,  as  explained 
■"  tile  discussion  of  tlie  subject  by  Bankiue. 

It  is  probable  that  the  difference  between  the  real  and  appe- 
'*"'  slip  is  slight,  but  whatever  difference  may  exist  would  assist 
10  increasing  the  speed  calculated  from  slip. 

A  most  important  conclusion  to  be  drawn  from  this  whole 
'"wtigsion  of  the  speed  of  the  Orange  is  that  determinations  of 
■peed  based  upon  long  runs  in  the  midst  of  tidal  currents  should 
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not  be  ased  for  scientific  deductiona.     As  will  be  seen  i 
nection  with  the  Bergen,  the  discrepajiciea  of  speed  determini 
tiona  on  even  a  short  course,  due  to  tides,  are  scarcely  controllable 
without  the   most  elaborate  arrange  meats  for  eliminating  thCM 
tide. 


SPEED   OF  "  ORANGE       IN  FERRY    SERVICE. 

By  Column  5  of  Table  VII.,  the  average  time  at  full  engine  speei 
between  Hoboken  and  Barclay  Street,  New  York  City,  during  1^ 
hours,  was  7^  minutes.  The  distance,  allowing  for  the  cnrvM 
course  generally  followed  during  the  half-hourly  night  trips,  i 
If  statute  miles.  After  the  engine  is  at  full  speed,  some  time 
elapses  before  the  boat  is  under  full  headway.  This  time  seems 
to  be  about  30  seconds,  during  which  the  boat  goes  about  300 
feet.  Abont  300  feet  must  also  be  allowed  for  the  distance  tho'l 
boat  is  away  from  the  slips  when  tlie  engine  is  slowed.  Thesa  J 
allowances  make  the  distance  run  at  full  speed  1.65  miles  in  7  | 
minutes.     This  is  equivalent  to  14.0  statute  miles  per  hour. 

The  indicated  horse-power  during  the  service  test  was  foun^  J 
to  be  810.     If  the  boat  were  driven  12  miles  per  hour,  with  49r 
H.P.,  the  speed  for  810  H.P.  should  be 


12 


V' 


810 
490  " 


14.18  statute  miles. 


Within  the  limits  of  error  of  these  figures,  it  may  be  con- 
cluded that  the  boat  is  able  to  travel  across  the  river  at  the  rate 
of  12  miles,  with  reference  to  the  shore  at  all  stages  of  the  tide. 

PART   IL 

EXPEKIMESTS   WITH   SCREW-BOAT   "BEKGEN." 


Steam  Economy  of  "  Eerqen." 

Desciiplion  of  Madiinery. 

The  boilers  are  shown  in  Fig.  86.  They  are  of  the  locomotive 
type  in  that  the  products  of  combustion  traverse  the  length  of 
the  boiler  but  once  before  arriving  at  the  chimney.    The  boilers 
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are  two  in  number,  and  tbo  principal  dimeD&ioti3  of  each  boi 
are  as  follows ; 

Dlamelcr  of  SUell 8  tl. 

Lengtli    , 28  '" 

Thickness  of  Shell ' )  in. 

Dlnmeier  of  PuriiBues 85  ft. 

Thicknesaor       "        Jin. 

Henting  Sarface  in  Furaacra 103  sq.  It. 

"           "        "  Combustion  Chamber S3      " 

'■  •■         "  in  Tubes,  304— ai"  diameter 1,457      " 

Superheating  Snr(aco 0       " 

Crosa  Secrion  of  Tubes  per  cent,  of  Qrate  18 

One-half  Cross  Section  of  Chimney  per  cent,  of  Orate 18 

UrateSurfttcO 40  Kq.  ft. 

Opening  in  Grate  Bard  percent,  of  Qmte CO 

Ratio  Healing  loOrale  Surface 43 

Stfam Space— one-tlilrd  ina drnm beliveen  thelwo  boilers. .  300  cnblc ft. 

Height  of  Chimney  above  Orate 53  ft. 

The  main  engines  take  steam  through  a  separator  attached  to 
the  steam-pipe  near  the  high  presanre  steam-chest.  The  jacket 
space  around  each  cylinder  is  used  as  the  steam-chest  for  that 
cylinder.  Steam  to  di'ive  the  circulating  pump  is  taken  from  the 
first  receiver,  that  is,  the  steam-chest  of  the  intermediate  cylin- 
der. Steam  to  drive  the  feed  pump,  bilge  pump,  ventilating  ani 
steering  engines,  is  taken  directly  from  tlie  boiler  through  redui 
ing  pressure  valves  set  to  maintain  30  lbs.  pressure. 

The  pumps,  etc.,  are  airanged  to  exhaust  either  into  the  mi 
condenser  or  overboard  against  atmospheric  pressure. 

SEPARATION   OF   STEAM  CONSUMI'TION  OF  MAIN  ENGINES. 

During  the  120-mile  run  to  Newburgh  the  pumps,  steering 
engines,  etc.,  were  made  to  exhaust  overboard,  and  only  the  con- 
densed steam  from  the  main  engines  allowed  to  collect  in  the 
hot  well.  Consequently  the  total  water  fed  to  the  boilers  was 
greater  than  the  condensed  stoam  cnti?ring  the  hot  well  The 
deficiency  was  supplied  from  the  large  water  tanks,  which  were 
kept  filled  to  a  mark.  The  water  supplied  to  these  tanks  waa 
sent  through  one  water  meter,  and  ihe  total  feed  water  of  the 
boilers  was  sent  through  a  second  meter.  The  difierence  of  the 
amounts  shown  by  the  two  meters  was  the  consumption  of  the 
main  engines  alone. 

BOILER  TEST,  120-Mnj;   HUN. 

On  the  day  previous  to  that  of  the  run  to  Newburgh  the  he&i> 
ing  surfaces  of  the  boilers  were  swept  free  of  soot  and  steam 


the 

lin- I 

lu(^^^■ 
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gotten  np.  The  firea  were  then  banked  until  4  A.  M,  the  next  day. 
it  this  time  the  banks  were  epread,  steam  raised  to  140  Iba., 
ni  tie  engines  run  a  short  time,  up  to  5  a.  M-,  when  the  fires 
nere  drawn  and  a  new  wood  fire  kindled  at  5.35  a.  m.,  with  717 
lbs.  of  wood.  The  steam  pressure  fell  to  110  at  5.40,  and  com- 
oenced  to  rise  again  at  6.00.  At  7.00  eteam  was  140  lbs.,  and 
the  dampers  were  partly  closed  to  hold  the  same  pressure  until 
9A.I.,t!ie  engine  being  worked  very  slowly  until  this  time.  At 
9t  SL  the  boat  steamed  up  the  river,  and  coal  was  burned  until 
CM  p.  M.,  at  the  rate  of  about  1,GOO  lbs.  per  hour.  The  boat  ar- 
riretl  ut  lier  dock  at  7.20  p.  m.,  and  the  fires  were  allowed  to  burn 
out  antil  8.10  p.  m,,  when  steam  had  fallen  to  the  same  pressure 
at  »hieli  the  test  was  started,  110  lbs. 

Tie  total  coal  consumed,  including  the  kindling  wood,  taken  as 
equal tO|\  as  much  coal,  was  15,906  lbs.,  making  1,116  lbs,  per 
tonr  for  the  whole  interval  from  5.35  a.  m.  to  8.10  p.  bl  The  total 
water  pvaporated  was  146,548  lbs,,  making  the  evaporation,  per 
lb,  of  coal,  9.21  lbs.  of  steam  at  114  lbs.  pressure  and  US'"  tem- 
peiatare  of  feed  water. 

The  ashes  amounted  to  7,9  per  cent,  of  the  coal,  making  the 
evaporation,  fi-om  and  at  212°,  11.4  lbs.  of  steam  per  lb.  of  com- 
bustible. 

The  rate  of  combustion  was  20  lbs.  of  coal  per  sq.  foot  of 
grate  per  hour  during  the  interval  from  9  a.  M.  to  6.30  P.  M.,  but 
mnch  less  before  and  after  this  period.  A  twenty-six  hour 
test  in  ferry  service  gave  an  economy  of  0.4  lbs.  of  steam 
P*t  lb.  of  coal,  for  a  rate  of  combustion  of  10]  lbs.  per  hour 
per  sq,  foot  of  grate — a  result  which  is  possibly  explainable  on 
the  supposition  that  the  ashea  were  a  greater  per  cent,  of  the 
coal  thao  during  the  Newburgh  trip.  A  difference  in  the  per 
ceot.  of  ashes  of  3  per  cent,  in  10  per  cent,  is  sufficient  to  nearly 
flMonnt  for  the  difference  between  the  evaporation  of  8.63  lbs.  of 
water  in  the  case  of  the  Orange,  and  the  9.2  found  for  the  Bcr- 
geji'i  boiler  on  the  Newburgh  trip. 

The  steam  consumption  and  H.P.  during  120-mile  run,  from 
9.30  i.  M.  to  6.30  p.  M.,  is  shown  by  Table  VIIL 


I 


I 


no     ON  THE  PERFORMANCE  OF  A  DOUBLE-SCREW  FERBT-BOAT. 

TABLE  Vin. 
FERRY-BOAT  ''BERGEN," 

120-MILE  TEST  OF  STEAM  CONSUMPTION,   BEFTEMBEB  18,    1889. 


Boiler 

Time. 

Prewiirc. 
Ganpc 

Ri'volu- 
tlons  per 

Total  horse 

Remarks. 

lbs.  per  sq. 
m. 

minute. 

poner. 

9.30 

no 

144.4 

741.9 

^ 

10. 

112 

144.4 

744.4 

10.30 

114 

145. 

708.0 

11. 

110 

145.1 

60G.O 

11.30 

108 

142.1 

084.7 

1  Throttle  wide  open,  as  per  Fig. 
'Average  Horse- power,  6i58. 

79. 

12. 

110 

142.1 

677.0 

12.30 

105 

142.1 

657.7 

1. 

95 

139.9 

613.3 

1.30 

90 

182.9 

532.5 

2. 

95 

133.8 

570.6 

2  30 

140 

590 

At  Newbargb. 

3. 

130 

139.7 

623 

8.30 

125 

144.3 

654 

4. 

120 

142.2 

654 

Steam  throttled  as  per  cards  a 

and 

4.30 

122i 

142.8 

654 

y        (Fig.  78). 

5. 

120 

143. 

6H 

Average  Horse-power,  670. 

5.30 

122 

145. 

733 

0. 

119 

145. 

783 

6.30 

120 

145. 

738 

* 

The  average  indicator  card  while  the  throttle  was  wide  oj 
is  shown  in  Fig.  79.     For  low  card  see  page  434. 

Intermediate  Cylinder 


High  Pressure  Cylinder 


BoUer  Pressure:  113  Ibf 


Atmuspherlo  Line 

Fig.  79. 
Average  card?,  throttle  wide  open,  120-mile  run. 
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The  extent  of  the  throttling  during  the  retarn  trip  is  shown  by 
the  high  cylinder  card,  Fig.  78. 


The  avarage  indicated  horse-power  of  tlie  main  engines  is 
placed  at  665. 

The  total  steam  consumed  was  14,411  lbs.  per  hour,  of  which 
2,358  lbs.  was   consumed  by  thfe   feed,  circulating,   and  bilge 

pamps,  ventilating,  and  steering  engines. 

Tlio  consumption  per  hour  per  H.P.  was  therefore  21.7  lbs. 
lOf  all  purposes,  and  18.3  for  the  main  engines  alone. 

As  checks  upon  the  direct  determination  of  the  steam  used, 
'bfl  following  estimate  is  made  : 


ACCOUNT   OF   HEAT    RECEIVED   AND    REJEfTTED. 

"7  the  measurement  of  water  fed  to  the  boiler,  it  was  deter- 
iDed  that  the  steam  used  by  the  main  engines  per  hour  waa 
,. '153  lbs.  at  115  lb,s.  pressure.     This  steam  contained  not  more 


'''U  one  per  cent,  of  moisture  by  tlie  falorinieter  test.     Hence 
'  total  heat  above   zero  was  1219.3  -  8.69  =  1210.6  British 


^^i-mal  units,  by  Regnault's  determinations. 

When  this  steam  enters  the  condenser,  there  has  already  been 
^«n  from  it  by  the  engine-pistons  660  horse-power  of  work,  or. 


660  X  1,980,000  _ 

772 
1,692,746 


2,746  British  thermal  units,  or 


140  units  per  pound  of  steam,  and  also  a  oer- 
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tain  amount  dne  to  the  radiation  of  the  cylinders.  Th 
about  150  sq.  feet  of  radiating  surface,  which  may  lose,  as  i 
imum,  0.75  heat  units  per  hour  per  square  foot  per  degree 
ence  of  temperature  between  the  steam  and  the  atmos; 
Taking  this  diflference  as  275°,  we  have  the  loss  per  honr 

0.75  X  150  X  275  =  31,000  heat  units,  or 

1 9T^  =  2.5  heat  units  per  pound  of  stea 

Hence,  on  entering  the  condenser  each  pound  of  steat 

tains 

1,210.6  -  140-2.5  =  1,068.1  thermal  units. 

The  total  heat  delivered  to  the  condenser  per  hour  is, 
fore, 

12,153  X  1068.1  =  12,980,619  thermal  units,  an 

amount  of  heat  should  be  found  in  the  sum  of  the  three*  f 

ing  quantities  : 

1st.  Heat  removed  by  the  circulating  water. 

2d.   Heat  absorbed  by  water  drawn  from  fresh-water 
and  mixed  with  condensed  steam  in  the  condenser. 

3d.  Heat  remaining  in  condensed  steam  when  it  arri' 
the  hot  well. 

The  amount  of  circulating  water,  taking  it  to  be  half  < 
time  salt,  and  half  of  the  time  fresh,  so  that  its  weight  per 
foot  is  63  lbs  ,  is  : 

Observed  Single  strokes 

Area  of  plunger,     stroke.  per  hour.        DeDSitj. 

1.07       X     1.03      X      4  X  1339     x    63     =  371,871 

The  specific  heat  of  salt  water  or  brine  of  the  density  « 
water  is  0.96  for  60°.  Assuming  it  to  be  the  same  at  10 
have  the  average  specific  heat  of  the  circulating  water,  tal 
half  of  the  time  fresh, 

?:96_ +  1-0  ^  0.98. 

The  range   of  temperature   through  which    the   circu 
water  was  heated  in  passing  through  the  condenser  was 
Hence  the  heat  removed  by  the  circulating  water  was 

371,879  x  0.98  x  31.4  =  11,443,460  thermal  units. 

*  Radiation  from  the  condenser  and  hot  well  is  neglected,  as  its  amoon 
important. 


ON  THE   PERfOHMANCE   OF  A   DOUBLE-SCREW   FERRT-BOAT.      413 

If  the  slip  of  the  pump  he  assumed  at  2  per  cent.,  this  figure 
I  )>eoome3  11,214,591  thermal  uuits. 

The  water  drawn  from  the  tanks  was  2,358  lbs,  per  hour,  and 
f  "was  at  75°.  The  averse  temperature  in  the  hot  well  was  118'. 
;  Hence  this  water  absorbed 

2,358  X  (118  -  75)  -  101,394  thermal  units. 
The  heat  remaining  in  the  condensed  steam  was 

12,153  X  118  =  1,434,054 
The  sum  ot  these  three  quantities  gives : 

Absorbed  by  circulating  wutrr ll,ai4,CBl 

"  lank  "      101.304 

Bem&ining  in  etcftoi 1.431,004 

Total  heat  rejected 13.760,039 

■'   receivaJ 12,080.610 

DiEcrppancy 280.580  I 

This  discrepancy  represents  less  than  J  inch  variation  of  pump   ' 
'stroke,  and  as  the  length  of  the  latter  was  scarcely  measured 
within  this  limit  of  error  it  may  bo  considered  that  the  meaaure- 
ment  of  heat  rejected  satisfactorily  confirms  the  measurement  of 
Bteam  used,  as  determined  from  the  feed-water. 

QUALITY   op  THE  STEAM. 

A  Barms  Superheating  Calorimeter  was  attached  to  the  main 
ateam-pipe  near  the  high  steam^chest.  It  showed  the  steam  to 
contain  j  of  one  per  cent,  of  moisture.  The  separator  on  the 
Bteam,-pipe  showed  no  water  by  its  water-glass  until  about  1 
P.M.,  when  about  50  lbs.  of  water  was  present.  This  was  blown 
out  and  about  the  same  amount  had  again  collected  at  the  end 
if  the  test. 

THEORETICAL  STEAM   CONSCMPTION  OF   "  BEHQES." 

The  combined  action  of  the  steam  in  the  three  cylinders  of 
the  Bergen  is  shown  in  Fig.  81. 

The  action  is  equivalent  to  that  of  a  single  cylinder  equal  to 
the  low  cylinder  of  the  Berge^i,  in  which  steam  at  lUO  lbs.  press- 
ure should  be  cut  off  at  about  -^  of  the  stroke,  with  a  clear- 
ance of  11.3  per  cent.,  with  the  following  modifications  : 

I.  There  is  a  loss  of  mean  effective  pressure,  represented  by 
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the  areas  (a)  and  (b),  due  to  the  fact  that  the  the  pistons  are  ooi 
in  motion  while  the  steam  expands  into  the  clearance  spaces  of 
the  intermediate  and  low  cylinders  respectively. 

n.  There  is  a  gain  of  mean  efifective  pressure,  represented  bf 
the  shaded  areas  (c)  and  (d),  due  to  the  fact  that  the  clearanee 
volumes  in  the  triple  cylinder  engine  are  less  than  in  the  siii^ 
engine,  by  amounts  represented  by  these  areas ;  and  hence, 

III.  If  the  sum  of  areas  (a)  and  (b)  is  less  than  sum  of  (c)  vA 
(d\  as  is  here  the  case,  the  net  result  is  that  the  mean  effectiyo 


Boiler  PreflBttre:114  lbs.  *~-' 
ReTolntions:  116 

Total  Hone  Power-.  CCS 

iHlffhCyUlOpercent 
Inter.  "      10.7"     » 
Low    >«     114"    V 
Ezpansioiu  of  Steam  by  vol.:  9 
Steam  per  Hr.  f  Actual -18J  lbs. 
P"  ^        (Theoretic  -13  J  Ibi. 

Area •*  +  b)  <  Area (c  +  d)        -•  i 
Totil  M.  B.  P.  on  Low  Cjl         jffj. 


IGkUlg* 


-cn 


Fio.  81. 
Average  Card  of  Bergen,  120-Mile  Run.        Throttle  wide  open.     H.P.,  665. 

pressure  is  nearly  that  due  to  expansion  in  a  single  cylinder  with 
a  loss  due  to  a  per  cent,  of  clearance  equal  to  that  of  the  single 
engine  divided  by  the  ratio  of  the  volume  of  the  low  to  the  high 
cylinder,  which  is  about  5  to  1. 

IV.  Consequently  the  theoretical  consumption  per  hour  per 
H.P.  corresponds  to  a  real  ratio  of  expansion  of  about  9  and  a 
clearance  of  about  2A  per  cent  in  a  single  cylinder,  whereas  the 
apparent  expansion  estimated  from  the  cutoff  in  the  high 
cylinder  is  about  7J  times,  with  16  per  cent  clearance. 

ECONOMY    OF    THE    ENGINES    OF    THE    " BERGEN**    COMPARED    WITH 

THOSE  OF  SS.  "  METEOR."  * 

The  only  record  of  water  consumption  of  a  triple  expansion 
marine  engine  under  the  pressure  for  which  the  Bergen*8  engine 
was   designed  is   that  of    the   SS.   Meteor.     In   this   case  the 

*Tho  engines  of  this  ship  were  accurately  tested  by  the  Committee  on  SS. 
Economy  of  British  Association  of  Mechanical  Engineers. 
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wgines  were  of  about  2,000  H.P.  capacity.  The  clearaneea 
lere  Dearly  the  same  as  tor  the  Bergen.  The  boiler  pressare 
»asaboat  150  lbs.  and  all  of  the  cylinders  were  jacketed  with 
steam  of  preseure  about  equal  to  the  admissiou  preaeure.  The 
Merence  of  the  boiler  pressure  and  greater  range  of  expansion 
in  the  ease  of  the  J/eft»r  indicates  that  her  engines  ehotUd  con- 
Bnme  less  steam  per  hour  per  H.P.  than  the  engines  of  the 
Brgeu  id  the  ratio  of  11.2  to  13.2,  which  would  make  the  Meteor's 

coiisiimptionYs-o^l8.3=15.5  lbs.  The  Meteor's  actual  consump- 
tion was  14.9  lbs.  The  difference  is  about  3  per  cent.,  which 
mttj  bfl  attributed  either  to  the  ja«3kBta  of  the  Mcfeor  or  to  the 
errors  of  determination  in  the  case  of  the  Bergen,  the  measure- 
ment in  the  case  of  the  Meteor  having  been  too  carefully  made 
to  regard  it  as  in  error  to  the  above  extent. 

HOBSE-POWEE  OF  CIRCUIATINO  PUMP. 
This  pump  is  of  the  direct-acting,  duplex  type,  with  steam 
cjlindera,  12  inches  diameter,  and  water-plunger,  14  inches  di- 


I 


Teei  Pamp.— Doples,  13'  x  13" x  4i  " ;  RevoUitiona  per  Minute,  65 ;  H.P. ,  9. 


^^ 


:? 


.^tmospberlc  Llue, 
BllfePunip.— DupJex,  13"x  13"  n  6"  ;  Revolutions  per  Mlrule,  ^8 :  H.P.,  1). 


CitCoIiUng  Pump.— Duplex,  13"  x  IB"  x  U";  BBVolulions  per  Mln„  33  ,■  H.P.,  3.7 

Pig.  83. 
Average  Pump  Ceida  of  tlie  Bergen.     Scale,  30  lbs,  to  the  loch. 


416     ON  THE  PERFORMANCE  OF  A  DOUBLE-SCREW  FEKBY-BOA 

ameter.    The  possible  stroke  is  13  inches,  but  its  average  pis 
travel  during  the  test  was  12J  inches.    It  ran  steadily  and  m 
1,339  revolutions  per  hour.     Indicator  cards  from  its  steam 
inder  averaged  as  per  Fig.  82.    The  mean  effective  pressure  a 
ages  8.3  lbs.  per  square  inch.    Its  indicated  power  is,  theref 

114  X  8.5  X  4  X  1.0:^  X  22.3  ^  o  7  h  P 
33,000  A/n.  . 

The  amount  of  water  pumped  was  5,844  cubic  feet  per  h< 
which  was  lifted  through  4.5  feet.  The  work  corresponding 
this  lift  is  0.84  H.P.,  so  that  1.86  H.P.  is  consumed  in  o^ 
coming  the  resistance  to  the  passage  of  the  water  through 
condenser,  and  in  the  friction  of  the  pump  mechanism.  ! 
friction  of  such  pumps  is  known  to  be  about  3  per  cent  of 
indicated  power. 

Hence,  the  horse-power  to  circulate  the  water  through 
condenser  was  0.31  H.P.  per  1,000  cubic  feet  of  water  circulai 
which  corresponds  approximately  to  100  BLP.  of  work  by 
main  engines. 

The  steam  consaroption  estimated  from  the  card,  Fig.  82,  is  S96  lbs.  per  h 
E^obable  amount  due  liqiiefactiou  * 170    '*         " 


Total  per  hour 566 

Probable  consumption  per  hour  per  H.P.,  non-condensing. .  .210 
"  •*  "  *'  condensing 180 


HORSE-POWER  AND  STEAM  CONSUMPTION  OF  FEED-PUMP. 

The  boiler  feed  pump  is  a  direct-acting  duplex,  with  12"x 
steam  cylinders,  and  4^  water  cylinders.  In  drawing  its  i« 
from  the  hot  well,  considerable  air  is  absorbed,  owing  to  the  ^ 
able  condition  of  the  level  in  the  hot  well.  To  eliminate  1 
air,  a  pipe  is  led  from  the  base  of  the  air-chamber  of  the  p 
to  the  top  of  the  hot  well,  and  a  large  portion  of  the  pump's 

*  The  steam  condensed  by  the  metallic  surfaces  is  estimated,  in  the  case 
of  the  pumps,  by  the  following  formula : 
Pounds  condensation  per  stroke  = 

Surface  exposed  during  admission  x  time  in  seconds  x  range  of  temper 

60 

The  constant,  ^V,  i^  deduced  from  experimental  determinations  of  consan 
of  an  8"  X  10"  pump.  The  total  estimated  consumption  of  the  pamp8  aoc 
tilating  engine  is  2,400  lbs.  The  amount  given  by  the  measurements  was 
lbs. 
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(iicement  simply  circulates  between  the  latter  and  tlie  hot  well. 
Tiia  s'pmd  of  the  pump,  therefore,  amounts  to  about  four  times 
the  namber  necessary  to  displace  the  volume  of  feed-water,  the 
KtolntioDs  per  hour  averaging  3,250  per  hour  during  the  trip  to 
Keirburgh  and  return. 

The  pump  is  supplied  with  steam  through  a  "  reducing  press- 
ure Tiilve,"  which  maintains  30  lbs.  pressure  in  the  eteam-cheat 
of  pump.  The  mean  effective  pressure  was  15  lbs.,  as  per  Fig. 
82,  making  the  indicated  work  equal  to  9  horse-power. 

Tlie  iWni  mosiiuied  per  lionr,  pstimnted  frum  tin)  caid.  la. . .     1,170  lbs. 

Frnlnlib  amouut  coutnincd  by  cj'ljiider  (ondunsatioii. S60    " 

TqWI 1,430  lbs. 

"  per  bour  pec  H.P 168    " 

If  the  pump  exhausted  into  the  condenser,  as  is  the  case  in 
rfgular  service,  the  probable  consumption  by  card  would  be  25 
percent  less,  makiug  the  amouut  per  H.P.  125  lbs. 

BILQE  PUMP  AND  VENTILATISO  AXD  BTEERINO  ENGINES. 
The  bilge  pump  is  12"x  12  's  5",  and  made  2,930  revolutions  per 
hoar  during  the  Newburfrh  trip.  Its  indicated  horse-power,  Fig. 
82,  was  1.5,  and  the  estimated  steam  consumption  575  lbs.  of 
steam  por  hour,  10  per  cent,  ot  which  ia  estimated  as  due  to 
liquefaction.  The  steam  per  hour  per  H.P.  is,  therefore,  about 
3*^0  lbs.  By  use  of  the  vacuum  the  consumption  of  this  pump 
'^ouid  be  about  one-third  as  much,  or  130  lbs.  per  hour  per 
horse-power. 

The  ventilating  engine  ran  constantly  at  about  300  revolutions 
P®*"  minute  during  the  Newburgh  trip.     This  engine  is  3  inches 
y  6  inches,  and  is  estimated  to  have  consumed  1 17  lbs.  of  steam 
^'  hour  during  the  Newburgh  trip. 

1^  -^^he  steeidng  engines  used  very  little  steam  during  the  trip  to 
^  ^frturgh.     The  whole  amount  would  be  a  fraction  of  I  per 
^^  of  the  entire  consumption. 

t^SqOMT  OP  SURFACE  CONDENSATION  AND  OF  DSE  OF  DTBECT-ACnNG 

PUMPS. 

"^y  the  use  of  a  surface  condenser  the  cost  of  water  for  the 

^am  used  by  the  engines  is  almost  entirely  avoided,  but  the 

^  used  by  the  circulating  pump  is  an  extra  expense  as  com- 

^*ed  to  using  a  jet  condenser.     The  amount  of  fresh  water  saved 

>  as  a  maximum,  225  cubic  feet  per  hour.     This  represents  about 
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25  cents  per  hour  of  cost  The  coal  consumption  of  the  circalai 
ing  pump,  exhausting  into  the  condenser,  assuming  8^  lbs.  eTapo- 
ration,  is  about  50  lbs.  per  hour,  representing  10  cents  of  cost  If 
a  centrifugal  pump  was  used  as  a  circulator,  the  steam  consumiK 
tion  of  its  engine  might  be  45  lbs.  per  hour  per  H.P.  instead  of 
130,  as  in  the  case  of  the  direct-acting  pump ;  but  the  power  re- 
quired would  be  about  2  times  as  great,  as  the  efficiency  of  the 
centrifugal  would  be  only  about  half  of  that  of  the  steam  pump. 

'  The  net  saving,  therefore,  would  be  130  —  2  x  45  =  40  lbs.  of 
steam  per  hour  per  horse-power,  or,  say,  a  total  of  110  lbs.  oi 
steam  per  hour.  This  represents  about  3  cents  per  hour  of  pos- 
sible saving  by  a  centrifugal  circulator.  A  greater  economj 
could  be  obtained  by  a  crank  and  fly-wheel  pump,  but  the  aim 
plicity  of  the  direct-acting  pump  makes  it  on  the  whole  probabV 
the  best  device.  If  the  exhaust  steam  of  the  pumps,  etc.,  W3 
made  to  heat  the  feed-water  from  the  hot  well,  so  that  the  latt^ 

*  would  enter  the  boiler  at  212°  Fahr.,  the  result  would  be  asfaJ 
lows :  The  pumps,  etc.,  would  exhaust  against  the  atmosphere,  au  ^ 
their  combined  consumption  would  be  2,358  lbs.  per  hour,  whici 
is  about  one-sixth  of  the  total  feed-water.  The  latter  woulc 
leave  the  hot  well  at  118  ^  To  heat  it  to  212°  would  require  95° 
As  the  water  to  be  heated  would  be  six  times  the  weight  of  th 
steam  supplying  the  heat,  each  pound  of  the  steam  must  saj 
ply  six  times  95°,  or  570°.  As  it  would  be  necessary  to  abstra< 
966''  in  order  to  reduce  all  of  the  pump  steam  to  liquid,  it  follow 
that  only  about  ^  of  the  pump  steam  could  be  saved,  Th 
would  amount  to  about  2  lbs.  of  steam  per  H.P.  of  the  ma 
engines.  The  most  economical  arrangement  would  follow  if  tl 
steam  remaining  vaporous  after  passing  through  the  heat 
could  be  sent  into  the  second  receiver  and  thence  used  in  tl 
low-pressure  cylinder. 

AIR  SUPPLY  PER  POUND  OF  COAL,  AND  AMOUNT  OF  HEAT  WASTED  ] 

CHIMNEY. 

The  velocity  of  the  air  flowing  into  the  ash  pits  was  measure 
by  a  Casella  Anemometer,  and  found  to  average  461  feet  p 
minute,  as  per  Column  1  of  Table  IX.  The  joint  area  of  the  as 
pit  openings  was  8.9  square  feet.  The  total  amount  of  air  su 
plied  was,  therefore, 

8.9  X  461  X  eO  =  246,174  cubic  feet  per  hour. 
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The  coal  burnt  per  hour  between  il.30  a.m.  and  6.30  p.m.  aver- 
I  aged  1,600  pounds. 

Heuce,  the  air  per  pound  of  coal  was  162  cubic  feet,  or,  taking 
the  density  of  air  at  1  lb.  to  12.5  cubic  feet,  we  haye  the  pounds 
of  air  supplied  per  ponnd  of  coal  equal  to  13. 

By  anal^-sis  of  the  chimney  gases,  the  average  composition  of 
the  latter  was  by  Columns  2,  3,  and  4,  Table  IX  : 

Carbonic  acid 12  3  per  cent. 

Oxygen 7.0    "      " 

Carbonic  oxide 1.1    "      " 

measured  by  volume.     This  requires  that  each  pound  of  carbon 
should  have  supplied  to  it  as  many  pounds  of  air  as  are  repre- 
I  Bented  by  the  following  formula : 

Air  per  pound  of  carbon  =  4.3     -   .  — L        '       . L 

'    ^  La         CO'  +  CO.      J 

'  the  symbols  C0^_,  0,  CO,  representing  percentages  by  volume, 
as  given  by  the  analysis. 

Hence,  in  the  present  case,  we  have  : 

Air  per  pound  of  carbon  =  4.3    -^  X  "       „         - — —    =  17.0. 

Assuming  the  combustible  to  represent  practically  pure  carboni 
I  and  the  combustible  being  92.2  per  cent,  of  the  coal,  we  have  the 
lair  per  pound  of  coal  by  analysis  of  the  gases  equal  to  17  X  0.922 
=15.6. 

The  bituminous  coal  may  be  assumed  to  have  a  composition 
as  follows : 

AsbeR.  clinlier.  and  anliarnt  con! 7.8  per  cent, 

Uoi^iure... 3 

Hj-drogen 6       "       " 

cirbun,  volalllized  to  CO,  or  CO 80       ■■       " 

Oiygeij,  etc 4      ■'      •• 

The  air  required  for  combustion,  assuming  the  carbon  to  all 
Ebnn  CO],  is 

ll.Cx  C  +  34.8(^-g\ 

y  which  gives  in  round  numbers  Il.O  pounds  of  air  per  pound  of 
coal.  The  above  figures,  therefore,  provide  an  excess  of  air, 
althongh  tbey  are  lower  than  is  usual  with  natural  draught. 

Taking  the  air  per  pound  of  coal  at  the  average  of  the  deter- 
minations by  anemometer  and  analysis,  we  have  143  pounds. 
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Adtling   the   combustible,  the   total  weight  of   gas  paasii^  up 
chimney  per  pound  of  coal  is 

14.3  +  0.92a  =  15.42  lbs. 

The  specific  heat  of  sach  gas  is  0.24 

The  averi^e  temperature  of  the  gas  at  the  entrance  to  thn 
chimney  was  7oO°.  The  temperature  of  the  atmosphere  was 
80°.  Hence  the  heat  escaping  in  the  chimney  gases  per  pound 
of  coal  was 

(750  -  80)  X  15.32  x  0.24  =  2,528  thermal  units. 

TABLE  IX. 
PBODUOTS  OF  comnsnoN  of  furkacb,  130-uile  test  of  ' 


Time. 

1 

m 

CompoBiUoii  of  chlmoer  gu,    Perccat- 
•ees  bj  volume. 
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CO 

IV 
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i.BO 
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o: 

(B.> 
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'ft 
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A" 

AV. 

4E1 

ia.s 
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750" 
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DISTRIBUTION  OF  HEAT  OF  FUSI. 

The  probable  composition  of  the  coal,  aa  already  giTen,  would 
afford  the  following  amount  of  heat  by  combustion : 

Hydrogen (0.O6  -  S)  ><  62,600  =   3,438  thermal  unite. 

Carbon 0.80  x  14,500  =  11,600      " 

15,038      "  " 

Ijess  heat  to  eTaporate  moisture  and  super- 
heat it  to  temperature  of  chimney,  or 

0.03(750-212)  X  0.48  +  0.03(966  +  212-80)=        41      "  « 


OK   THE   PEIIFOJIMANCE   OF  A   DOUBLE-SCREW   FERRT-BOAT.      i21 

If  some  of  the  carbon  buni3  to  CO,  according  to  the  following 
ssalysU  of  flue  gaa, 

CO]  —  12.3  per  cent,  by  voinme, 

0-1. 

CO  ~    1.1        " 

N    -79.6       " 

Then  the  percentages  by  weight  are 
„„  _  13.8x83x100  _,„„ 


(ia.3  it  ii)  +  ^T  X  ill)  +  (l.l  «  1*)  +  (70.8  x  78)  ~    '     ^     ^^"■ 

W= "  ^  '*  -^  IM 10    ..     ., 

\U.3  X  23)  +  (7  X  1«)  +  (1.1  X  U)  +  179.8x1.4)  "" 

The  total  carbon  is 
(^  /  17.9)  +  (|g  X  1.0)  =  488  +  0.43  =  5.31  per  ceni, 


6.31  " 

■f.iOO  thermal  units  per  pound,  and  91.9  per  cent,  burna  to  car- 
bonic acii],  yieldiug  14,500  thermal  units  per  pound.  Out  of  the 
0.8  pouDiJ  of  carbon  in  a  pound  of  coal, 

«M]  ,  0.9  =  0.0Q5  Ibi.  produce  0.065  x    4,400=     386  tliftmal  anna  ; 
W.HO«  0.8  =  0.735   •'  •'        0.785x14,500=10,657     " 

Hence,  instead  of  realizing  from  the  0,8  lb.  of  carbon  11,600 
onitsby  complete  combustion  to  carbonic  acid,  we  have  only 

286  +  10,657  =  10,943  units. 

Hence,  the  presence  of  1.1  per  cent,  by  volume  of  carbonic  ox- 
ide in  the  chimney  gases  causes  a  loss  of  G57  units  of  heat  per 
pound  of  coal- 
Tie  effect  of  moisture  and  hydrogen  would  be  the  same  as 
before,  making  the  net  heat  evolved  by  the  combustion  of  the 
coal 

10,943  +  3,438  -  41  =  14,340  thermal  units. 
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Of  this  2,528  are  required  to  heat  the  chimney  gases,  as  h^ 
already  been  shown. 

The  generation  of  steam  consumes  as  much  as  will  evaporafe 
9.2  lbs.  of  water  from  118°  temperature  of  feed  and  at  116  lla, 
pressure. 

This  requires  (1,219  —  118)  =    1,101  units  per  pound,  or 

1,101  X    9.2  =  10,129  thermal  units. 

Adding  these  we  have  12,657  thermal  units,  and  the  difference » 
14,340  —  12,657  =  1,683  units,  is  lost  by  radiation  from  the  e^- 
i^erior  surfaces  of  the  boiler  and  through  the  ash  pit. 

Summarizing  we  have : 

Total  heat  corresponding  to  assumed  composition  of  coal. .  .15,038  thermal  noit^  -^ 

T«ost  by  incomplete  combustion 657  beat  units  =      4.87  per  cent 

'*     **   evaporation  of  moisture 412     "        *'     =     0.26      ** 

Absorbed  by  production  of  steam 10,129     **        **     =    67.86      '* 

Wasted  by  chimney  gases 2,528    '*        "     =    16.81      '* 

*'    radiation,  etc 1,C02    "        "     =    10.21      " 

15,038  100.00 

NOTES  ON  THEORETICAL  CHIMNEY  DRAUGHT  OF   "BEBGEN." 

The  chimney  has  a  cross-section  of  14  square  feet,  and  the 
cross-section  of  the  tubes  is  practically  the  same.  The  average 
temperature  of  the  gases  in  the  chimney  was  700^  Fahr.,  and  for 
the  tubes  we  may  assume  a  mean  between  l^GOO,  the  probable 
temperature  at  entrance  to  the  tube,  and  the  750^  found  in  the 
uptake.  This  gives  about  1,200°  for  the  tubes.  The  coal  burned 
per  hour  was  1,600  lbs.,  and  the  weight  of  gases  15.4  lbs.  per  lb. 
of  coal. 

Assuming  12.5  lbs.  to  the  cubic  foot,  at  60°  Fahr.,  and  that  the 
volumes  are  directly  as  absolute  temperature  as  we  have, 
Velocity  in  chimney,  15.25  ft  per  second. 
"    tubes,       18.30  "     "        " 

The  resistance  due  to  this  velocity  in  the  chimney,  expressed 
in  feet  of  the  gas  itself,  is, 

^^  X  S-.  -^ --^-VfT  =-^'  X  47  X  .012  =  4L 
2  g        Hydraulic  mean  depth.  2  g 

The  hydraulic  mean  depth  is  unity,  the  chimney  being  oblong 

and  14  feet  perimeter ;  47  is  the  height  of  the  chimney  above  the 

centre  of  uptake,  and  .012  a  coefficient  of  friction.     Similarly 

the  head  for  the  flues,  which  are  \Q]^  feet  long,  is  found  to  be  2.6 

feet.     Beducing  these  numbers  to  their  equivalent  amounts  for 
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EiO(i°*  temperature,  we  have  a  total  of  3.3  feet,  which  represents 
tbalengtli  of  chimney  which  would  overcome  the  reeiatance  of 
tkflaea  and  chimney. 

To  mcelerate  the  gases  there  is  required  — -^^-^  =  3-7  feet  of 

gas  at  chimney  temperature,  and  this  reduced  to  500"  gives  3.1 
feet  of  chimney. 

For  the  combustion  chamber  enlargement  and  the  right  angle 
tnni  lo  the  uptake,  and  obstruction  due  to  damper,  etc.,  we 
mj.  according  to  Peclet,  allow  about  once  the  accelerating 
ttsistaiice. 

For  the  resistance  to  passage  through  the  grate  a  rule,  in 
a^rwrneut  with  Bankiue  and  Peclet,  is  that  the  feet  of  chimney 
equals  the  volume  of  gases,  reckoned  at  500°  times  the  constant 
ftOOlT. 

This  for  the  Bergen  gives  49  feet. 

Sommarizing  we,  therefore,  have  : 

ileigitnf  cliimnoy  In  orercnme  Bt-celemiion 3,B  fl. 

'         "  "        friction  ot  chlmnpy 1.7" 


I 


C'oDsidering  the  roughness  of  the  constants,  the  agreement  is 
spparently  satisfactory,  but  when  it  is  considered  that  the  dis- 
crepancy is  a  large/ faction  of  all  the  resistartces  other  than  those  dve 
to  mjire,  it  must  be  concluded  that  the  factor  of  greatest  influ- 
ence in  the  performance  of  a  chimney,  other  than  the  damper,  is 
the  manipulation  and  condition  of  the  tire. 

FAIIUBE   OF  THE   FURNACES   OF  THE   "BERGEN," 

■Tte  farnaces  were  cylindei-s,  36  inches  diameter,  s"  thick. 
■lo  resiat  strains  tending  to  collapse  these  cylinders,  four  hea^y 
•^gB  were  riveted  to  each  furnace,  as  shown   in  Fig,  87  and- 

%86. 

The  rivets,  near  the  grate  level,  which  fastened  a  ring  to  the 

'bell,  gave  evidence  of  their  inability  to  avoid  shearing  off  the 

fi'et  head  lying  within  the  furnace.     The  boat   was,  therefore, 

*  At  this  tem[icrature  the  weiglit  of  pas  is  half  ihat  of  atniosplif  rlc  air  at  about 

M°.    So  llist  tlie  head  of  pas  is  then  identical  wiih  height  ot  cliimnsy. 
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withdrawn  from  service  on  November  15,  and  corrngated  or 
Fox  furnaces  are  now  replacing  the  original  furnaces.  It  appeim 
that  the  ring-braced  furnace  has  given  more  or  less  trouUe  of 
the  nature  here  described  wherever  it  has  been  used,  but  that  by 
using  screw  bolts  instead  of  rivets,  the  rings  have  been  kept  in 
service.  A  probable  hypothesis  regarding  the  cause  of  the  rap- 
ture of  the  rivets  near  a  horizontal  line  is  that  the  upper  half  o£ 


Fia.  87. 

6he  circular  furnace  is  at  a  sufSciently  higher  temperature  than 
the  lower  half  to  cause  it  to  expand,  and  tend  to  shear  the  hori- 
zontal rivets.  In  the  case  of  the  Bergen^  100°  difference  of 
temperature  between  the  upper  and  lower  halves  of  the  furnace 
would  cause  sufficient  expansion  to  depress  the  horizontal  rivels 
■^  of  an  inch  on  each  side  of  the  furnace.  There  is  little  doubt 
that  such  an  amount  of  irritation  might  rupture  rivets  not 
having  considerable  surplus  strength. 

REMARKS  REGARDING  USE  OF  WATER-METER  USED  IN  FEEDING 

BOILERS. 

The  use  of  a  meter  to  record  the  water  fed  to  boilers  is  the 
most  convenient  and  best  method  of  procedure  if  the  instrument 
*  is  reliable.  A  Worthington  meter  is  practically  a  slide  valve 
engine  in  its  mechanism,  and  is  as  little  liable  to  any  sudden 
change  in  its  condition  as  is  a  reliable  engine.  Without  some 
such  sudden  change,  a  meter  once  carefully  calibrated  may  be 
trusted  to  record  feed  water  for  a  few  days  with  more  confidence 
than  any  human  labor  can  be  expected  to  operate  in  the  weigh- 
ing out  and  tallying  of  tanks. 
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Meters  used  for  long  periods  finally  become  leakj,  and  thenee 
irises  the  belief  that  they  are  nnreliabie. 

If  a  meter  is  fitted  in  connection  witb  a  boiler  so  tLat  it  can 
be  tested  under  the  exact  conditions  of  pressure  and  velocity 
used  in  feeding  the  boiler,  the  accuracy  of  the  inatnimpnt  can  be 
deEiitely  determined,  and  I  have  never  known  a  Wortliington 
nel«r  to  suffer  any  change  of  rate  within  a  week  of  continuous 
nst,  erpn  with  water  of  200'  temperature. 

In  the  cases  of  the  Bergen  and  Ora  nge,  a  special  meter  waB  con- 
Btrncted,  through  the  kindness  of  Mr.  C.  C,  Worthingtou,  etrong 
enongli  to  stand  250  lbs.  pressure.     The  meter  was  made  of  steel 
Ihronghout,  and  had  3-inch  inlet  and  outlet.     It  was  used  in  the 
Omnjf  on  the  feed-pipe  of  the  pump,  which  was  worked  from 
the  BaUiJDg-beam.    This  pump  was  7  inches  diameter  of  plunger 
wd  26  inches  stroke.     It  was  single  acting,  and  ran  at  25  revo- 
Intiom  per  miuute.     The  meter  withstood  several  days  of  inter- 
mittent feeding  with  this  pnmp,  and  suffered  no  injury.     It  was 
8taii(iardized  by  drawing  off  25  cubic  feet  into  a  large  tank  rest- 
lER  on  platform  scales,  and  the  rating  obtained  was  65  lbs,  per 
cubic  foot  shown  by  the  meter.     The  same  meter  was  used  on 
the  Bergen,  where  it  was  supplied  by  a  direct-acting  steam  pump. 
NoiiiBiculty  -was  found  in  feeding  against  160  lbs.  boiler  press- 
ue.   The  calibration  of  the  meter  for  the  Bergen  was  made  with 
10  cnbic  feet  portions,  against  the  actual  pressure  and  with  the 
same  rates  of  feeding  as  prevailed  during  the  tests.     The  re- 
solts  varied  from  63.8  to  6i4  lbs,  per  cubic  foot     Less  variation 
could  be  obtained  by  more  elaborate  trials,  but  no  attempt  was 
made  to  work  closer  than  \  lb.  in  63  lbs.,  as  other  elements  of 
discrepancy  were  of  greater  amount  and  uncontrollable — the  vari- 
ations of  speed,  steam  pressure,  and  errors  of  indicators,  for  ei- 
aaple, 

TIGHTNESS   OP  VALVES  AND  PISTON  OF  "  BEBOEN." 
No  opportunity  presented  itself  to  test  the  degree  of  tigbt- 
neaa  of  the  valves  and  pistons.     The  high-pressure  cylinder  was 
slightly  scratched.     The  other  cylinders  were  in  perfect  con- 
dition so  far  as  could  be  judged  by  the  eye. 

SPEED   OP  THE   "  BEBOEN,"   USING    DOUBLE  SCREWS. 
On  September  18,  1889,  the  time  of  the  Bergen  from  Seventy- 
second  Street,  New  York  city,  to  Newburgh,  was  4  hrs.,  54  min., 
30  me. 
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The  distance  travelled  by  shore  -was  65  statute   miles.   ■  Tlie 
speed  along  shore  was,  therefore,  11.22  statute  miles  per  hour. 
The  times  of  low  water  along  the  route  and  the  tide-velocdti 
were  approximately  as  follows : 


Time  of  Low 
W.,.r. 

TliDB  at  which 
Strgii,  piaed. 

TIdea.    HUtO 
miloperhot 

SerBnty-Becood  street 

10.15  A.M. 
11.00 
11.15 
11.80 
13.15  P.M. 

ia.45 

B.20  A.M. 

10. ao 

11.06 
11.40 
13.45  P.M. 

a.u 

-1.5 

OS 

This  would  be  equivalent  to  a  tide  of  0.7  miles  against  the 
boat  for  the  whole  distance,  and  would  make  the  atiU-water 
speed  about  11.92  miles.  The  speed  by  log  was  12.88  miles, 
which,  coiTeoted,  gives  11.88  as  the  stiU-water  speetl.  but  the  cor- 
rection for  the  log  is  not  reliable  within  !  mile  per  hour.  The 
average  revolutions  of  the  engine  were  142.4,  and  the  slip  was 
16.1  and  16,6  per  cent,  respectively. 

On  the  same  trip  the  time  between  10-mile  posts  at  Kiverdale 
and  Irvington  was  54  min.  21  sec,  making  a  speed  relative  to  the 
shore  of  11.04  miles  per  hour.  Tlie  probable  tide  against  the 
boat  was  1.5  miles,  making  the  still-water  speed  12..54  miles. 
The  log  gave  13.56  miles,  which,  corrected,  makes  12.56  miles. 
The  engine  made  144  revolutions  per  minute,  which  makes  the 
slip  12.8  per  cent. 

On  the  return  trip  from  Newburgh  the  probable  times  of  high 
water  were  as  follows : 


"■iS"' 

Time  nt  which 

mlleiiKT!.oB 

a,  00  P.M. 

8.80 
4.80 

n.oo 

S.I5 
6.00 
6.30 

7.10 
O.ll 
0.05 

s.a2 

4.4.1 
8.46 

2. IS 

llivordttle 

,.» 

This  is   equivalent  to  an  average   tide  of  0.8   mile   against 


^^ 
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f 

■  tiie  boRi  Tlie  whole  distance  was  49*  miles  in  3  hours,  58 
mmntes. 

Tlie  gives  a  sjieed  with  reference  to  the  shore  of  12.32  statute 
miles,  or  13.14  miles  through  the  water.  The  engine  made  145 
Mvoindons,  whence  the  slip  was  9.4  per  cent.  The  time  between 
lO-mile  posts  on  the  return  trip  at  5.22  p.m.  was  49  minutes, 
miking  a  speed  of  12.25  statute  miles  with  reference  to  the  shore. 
The  dJe  averaged  0.3G  mile  against  the  boat,  making  the  still- 
nter  speed  12.61  statute  mile  per  hour.  The  log  showed  12.72 
mibi  The  engine  ran  at  145  revolutions,  making  the  slip  12.8 
ind  11.5  per  cent,  respectively. 

Sammmzing,  ttb  have : 


nudumas  OF  Coume. 

Spiea 

Mlfc-yr 
honr. 

Slip  per 

per  mln- 

Bollor 

ThralUe. 

H.P. 

W.iin,»5i,..bargh....  j 
■  "    "  fmm    "         

»■" -1 

11.93 
11. W 
13,  .14 
13.56 
18.14 
12.81 
i2.Ti 

16.2 
1«.B 
12.9 
12.8 
8.5 
12.a 
11.5 

143 

143 
144 

144 
145 
145 
145 

114 
114 
114 
114 
130 
120 
120 

663 

700 
700 
087 
700 
700 

12.49 

l;i.3 

144 

Xhe  49-mile  run  may  be  rejected  on  the  ground  of  too  much 
■Tegnlarity  in  the  conditions. 

During  the  return  trip  from  Newburgh,  Sept,  18,  short  runs 
*ere  made  at  71  and  114  revolutions,  respectively,  and  the  speed 
determined  by  the  log  only  to  be  6.4  and  10.5  miles  per  hour, 
wspectively,  the  corresponding  horse-powers  being  97  and  204, 
iDil  the  slip  about  10  per  cent.  These  figures  must  be  regarded 
«T6ry  rough  approximations.  Very  light  winds  and  smooth 
"sfer  prevailed  during  the  experiments. 

On  March  30,  18S9,  a  run  was  made  over  a  one-mile  course 
»t  Spnjten  Duy  vil,  the  engines  developing  1,007  H.  P.  by  allow- 

ThetngineB  averaged  145  revoluiions  until  8.80  p. u.  Tliey  were  ihen  run  26 
""inutea ,1713  turns  per  minute,  and  then  10  minutes  at  113  resolutions;  during 

'"*  perinds  the  distance  run,  as  determined  bv  the  correcttid  log  readings  and 
I'de  table,  was  6  miles,  which  is  sulitiacted  from  the  distance  to  Seveutf- 
■^■^  Street,  making  40  miles. 


428     ON  THE  PERFORMANCE  OF  A  DOUBLE^CREW  FEBBY-BOi 

ing  the  boiler  pressure  to  accumulate  just  before  malring 
run.     The  data  were  as  follows  : 

Time  to  run  one  mile  against  tide 5  mins.  IS  Fecf 

Revolutions  per  minute 156. 

Time  to  run  one  mile  with  tide 3  mina.  21  Fees 

Revo!  utions  per  minute 168. 

Placing  this  data  in  the  following  equation : 

(1  -  slip)  X  fpit^^  °f)  X  (""^l^  P^^")  X  C*i"^®  ''^)  +  M?9 
^  ^^       \  screw  J       \  minute  /       \    run  /       \  of  ti( 

X  (  ^^^  ^  j  =  1  mile,   the  plus  sign  being  used  for  the 

with  the  current,  and  the  minus  sign  for  the  opposite  i 
we  have  two  equations,  from  which  the  slip  and  tide  is  dc 
mined  to  have  been  11  per  cent  and  2H  statute  miles,  res 
tively.  The  time  of  the  test  was  during  the  period  of  high 
velocity.  We  therefore  have  the  still- water  speed  1407  against 
tide,  and  17.9  with  the  tide,  or  a  mean  speed  of  146  miles 
163  revolutions  per  minute,  and  1,007  H.P. 


SPEED  OP  "  BERGEN,"  USING  ONE  SCJREW. 

On  September  28,  1889,  trials  were  inade  over  a  two-B 
course  at  Spuyten  Duyvil,  with  one  screw  removed,  and  the 
maining  screw  worked  first  at  the  stern  and  then  at  the  hoYi 
the  boat.     The  results  are  shown  in  Table  X, 

The  tides  prevailing  during  these  experiments  are  shown 
Fig.  80.     The  observations  were  made  from  two  boats  ancho 
at  the  north  and  south  extremities  of  the  course,  respectiv* 
by  allowing  a  submerged  float  to  drift  astern  by  means  c 
thread  unwound  from  a  reel  located  in  the  boat.     It  will 
noticed  that  in  the  two  north  runs  made  with  the  screw  ast 
the   slip  is  but  about  two-thirds  of    that  for  the  run  soi 
It  is  thought  that  this  discrepancy  is  due  to  the  fact  that 
tide  differed  about  a  mile  an  hour  between  the  two  ends  of 
course,  being  greatest   at  the  north  end.     Hence,  in  runr 
north,  the  boat  was  moving  through  water  which  may  be  c 
ceived  as  having  an  increasing  velocity,  averaging  half  a  mile 
hour,  so  that  the  screw  would  tend  to  have  its  slip  diminisl 
by  the  effect  of  this  velocity.     These  two  cases  are,  therefi 
discarded  for  purposes  of  comparison  of  still-water  speeds.    1 
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KJiicIiisions  to  be  drawn  from  the  esperimcmts  are  Bhown  in  the 
following  table : 

TAULE  S.  («). 


Slip. 


PERFORMANCE  OP   "BERGEN       IN  FERRY  SERVICE. 
On  October  10,  1889,  observationa  were  made  on  the  running 
f"ii(i  daring   X4.3   hours,   commencing   at   7.20   p.m.,   the   boat 
'"sfeinfr  half-hour  time  between  Hobokeu  and  Barclay  Street, 
■New  York  City ;  these  are  shown  in  Table  XI. 

The  average  iiittT\-al  during  which  the  engines  were  at  full  speed 
*aa  >i  minutes ;  allDwiog  20  seconds  for  the  boat  to  acquire  full 
*p6ed  flfter  the  engines  were  at  full  speed,  and  300  feet  for  dis- 
tance from  slip  at  slow-down  bell,  it  follows  that  the  boat  ran 
l-GSsUtute  mUes  in  7^  minutes,  or  at  the  rate  of  12.9  miles  per  , 
hour, 

Ibe  Eteam  pressure  avenged  140  lbs.,  but  the  engines  were 

throttled  to  100  lbs.  admission  pressure,  and  the  link  used  to 

storten  the  cut-off  to  a  slight  extent.    The  boilers  were  run  with 

tile  damper  considerably  closed,  to  prevent  blowing  at  safety 

vahe  while  in  the  slip.     When  at  full  speed  the  revolutions 

averaged  140  per  minute,  and  the  indicator  cards  were  as  per 

*ig.  76.    While  working  into  the  slip  the  revolutions  averaged 

45  per  minute,  and  the  indicator  cards  were  as  per  Fig.  77.     The 

liorse-powet  at  full  speed  was  650 ;  while  working  into  the  slip, 

I       M,  and  the  revolutions  45  per  minute. 

^he  total  time  spent  at  full  speed  was  7.3  hours.     The  total 
'line  working  into  slip  was  2,08  hours.     The  latter  is  equivalent 


45 


"140  "^  ^'^^  hours  at  full  speed,  but  the  consumption  per  stroke 
St  alow  apeed  is  only  about  [Yff  "'  ^^^^  ^^^  ^^^^  speed, — taking  the 
''^'ismiiptiou  proportional  to  the  absolute  pressures  of  admission, 
~^'^  that  the  slow  speed  consumption  is  on  the  whole  equivalent 
to  ^       40 

'40  "^  120  ^  ^'^^  "^  ^'^^  ^^^^^  ^"^  ^"^^^  ^^^^' 


a, 


■®Qce  the  steam  consumed  in  the  whole  interval  was  devoted  to 
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Boiler  prcM.     6  lbs.  nboTe  this  line. 


185  lbs. 


Atmospheric  Line 


Sead  End 
Hlgli  Freasore  Cjr  Under 
Scale.  ODHm. 


Head  End 


Scale:  40'lbe. 


▲tmoepherlc  Line 


Intermediate  Qyllnder 


Crank  End 


LotT  Freenire  Cylinder 


Scale:  10  Ibe. 


Fig.  76. 

Average  Card  of   the  Bergen   in  Regular  Ferry  Service. 

H.P.,  050, 


Full  Speed,  Steam  Throttle 
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I 


ArorBge  Canl?  "(    ilie  ISeri/en  in  Rejjtilar  Ferry  Service  wbiJH  Working  into  ihe 
Slip.     Steam  Throtlleil,  ICO  Llia. 

the  exertion  of  650  H.P.  for  7.3  +  0.32  =  7.55  hours.  The  steam 
consumptinn  for  tlie  whole  intarval  of  14,3  hours  wiis  7,892  Iba. 
per  hour.     The  engine  was  running  at  full  power  y^  ■-  =  0.5",i8  of 

the  whole  time.  Hence  the  650  H.P.  during  7.55  hours  must 
be  conceived  as  equivalent  to  650  x  0.528  =  344  H.P.  for  the 
whole  time.     The  consumption  per  hour  per  H.P.  is,  therefore, 

7,892  -^  343  =  22.9  lbs. 

This  exceeds  the  result  in  steady  service  by  1  lb.,  or  about  4^ 
per  cent. 

The  evaporation  of  the  boiler?  was  determined  over  an  inter- 
val of  26  hours  of  continuous  service,  and  found  to  be  8,4  lbs.  of 
steam  per  lb.  of  coal. 

The  rate  of  combustion  waa  10.5  lbs.  per  hour  per  sq.  ft  of 
grate  surface. 
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THEORETICAL  SPEED  OF   "  BERGEN." 

The  immersed  surface  and  angles  of  water  lines  are  as  i 


Sq.  ft.  Surface. 

Maximam  Angle. 

Co-4^ 

l-l>4f 

Keel  and  Rudders 

400 
:^48 
6.0 
6-20 
620 
6.>0 
620 
620 

O'' 

2"  40' 
5*^  50* 
S"  50' 
10**  50' 
18'  10' 
16'  80' 
20'  30 
26'  50 
28'  20 

Keel  to  1  ft.  line 

1  ft     "  2  •*     *•    

2  •*     *•  3  **     ♦*      

3  •♦     •'  4  ««    •«    

4  **     "  5  **     "      

5  •'     "  6  **     "    

6  "     «♦  7  «*     "    

ly  **     ''  R  '*     ** 

682 

8  '•     '•  9  "     *'    

732 

Total 

5,788 

A;ir.  =18'.13' 

Av. 

Multiplying  the  average  of  each  pair  of  co-efficients  by 
responding  surface,  and  dividing  the  sum  of  the  producb 
total  surface,  we  find  the  mean  co-efficient  of  augmentati( 
1.299.     The  augmented  surface  is,  therefore,  7,524  square 

Column  5  of  Table  III.  shows  that  the  speeds  are  pra 
proportional  to  the  cube  roots  of  the  horse-powers  over 
of  power  and  engine  speed.     Column  6  is  comp 


range 


« 


the  formula : 

Speed  statute  miles  per  hour  ==  1.15  A/  — - — 

r    Aug. 


200  a  p. 

Aug.   surl 


*  Inasmuch  as  both  the  speed  and  mean  effective  pressnres  are  simul 
reduced  ns  the  indicated  horse-power  decreases,  it  is  probable  that  the  J 
the  machinery  is  nearly  proporiional  to  the  indicated  horse-power  throu 
range  covered  by  the  table.  In  this  respect  marine  engines  differ  fron 
of  stationary  engines,  the  friciion  of  which  has  been  shown  to  be  consti 
large  variation  of  indicated  horse-power.  This  is  explainable  on  the 
grounds  :  In  the  case  of  the  stationary  engines,  the  variation  of  horse 
cau'^ed  by  vaiiation  of  mean  effective  pressure  only,  and  the  variations 
as  measured  by  a  prony  break  do  not  largely  affect  the  pressurerof 
shaft  upon  its  benringp.  The  friction  of  the  latter,  which  is  the  larges 
the  total  friction  of  the  engine,  is  not  tlierefore  much  affected  by  var 
power  (see  discussion  paper  316,  Vol.  X.  Trans.  A.  S.  M.  E.)  ;  but  in  ll 
the  marine  engine  the  velocity  of  the  point  of  effort  being  a  le.««8  multi; 
piston  speed,  the  variations  of  pressure  upon  the  bearings  of  the  main  si 
larger  fraction  of  latter's  dead  weight ;  and  furthermore,  by  the  variatioz 
accompanying  variations  of  power,  the  entire  dead  weight  friction  varii 
with  vailations  of  power. 
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inwliichthe  conataut  21,200  represents  an  alloicance  of  20  per 

mlL  of  the  indicated  power  for  losses  by  friction  in  mechanism 

and  at  the  screw,  and   IG  per  cent,  of  the  net  power  in  slip. 

TliB  alJoH-ance    of    20   per   cent.'  for  friction   ia   satisfactorily 

checked  by  computing  the  friction  of  the  various  parts  of  the 

s,  allowing  a  co-etEcieut  of  friction  of  0.10.     The  allowance 

of  16  per  CBnt.   for   slip   makes   the   latter   correspond  to  the 

image  slip  for  one  and  two  screws  respectively.     The  most 

probable  slip  for  two  screws  ia  taken  at  12.6  per  cent,,  and  that 

for  one  screw  at  18  per  cent     The  extreme  variation   of   the 

ftmgtant,  21,200,  Ijetween  these  limits  affects  the  speed  by  only 

aboat  I^  per  cent.,  which  is  within  the  limit  of  other  causes  of 

diBMepancy.     The  net  power  devoted  to  the  propulsion  of  the 

Inll  only  ia  therefore  : 

{1  -  .20)  (1  -  .IG)  X  H.P.  =  .67  H.P. 

Column  7  is  estimated  fi'om  the  formula  : 

,  ,.  ,        63      (speed  of  vessel)'      slip       „„  -n  -n     .n^ 

te..c,ew  d«k  .  3^  X  -E-j_jj^^^  .  -J  =  .67  H.P,.  (2) 

imrhioli  the  speed  of  veasel  ia  in  feet  per  second.  This  for- 
nnla  is  that  given  by  Kankine  when  the  difference  between  real 
wd  apparent  slip  is  neglected.  The  lines  of  the  Beiyen  would 
B^fl  suiih  Jiffereuce  less  than  2  per  cent.,  if  anjtliing,  but  tbe 
results  in  Column  7  are  already  too  large,  and  would  be  made 
l*tger  by  assuming  any  slip  greater  than  the  apparent  slip. 
Tlie  escess  of  these  results  over  the  true  speed  may  be  due  to 
toa  small  a  value  of  apparent  slip,  or  to  the  fact  that  the  effective 
sreaof  the  steam  acted  upon  should  be  taken  greater  than  the 
disk  of  the  screw  itself.  Rankine  indicates  that  such  is  the 
rase,  and  the  increase  of  area  necessary  to  bring  the  figures  in 
Column  7  into  agreement  with  those  in  Column  &  agrees  with 
that  given  in  his  "Ship  Building,"  namely,  about  \  of  the  disk 
area. 

LOSS  OP  EFFECT  OF  BOW  SCKEW. 

Colnmn  4,  Table  X.  (a)  shows  tliat  tlie  screw  at  bow  propelled 
tte  boat  about  |  of  a  milo  slower  at  145  revolutions  than  did  the 
'^fe  screw  acting  at  the  stern.  As  the  horse-power  expended 
*W  the  same,  it  is  probable  that  the  less  speed  in  tlie  former 
****  is  due  to  the  recoil  of  the  water  from  tlie  bow  screw  against 
'"6  vessel's  hull.  The  maximum  effect  of  such  recoil  may  be 
Woceived  as  causing  an  increased  resistance  equal  to  that  re- 
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quired  to  propel  a  portion  of  the  boat's  immersed  surface  inOi 
an  increased  velocity  equal  to  tlie  slip. 

If  the  portion  of  the  boat's  surface  taken  be  that  indaded  in 
a  draught  equal  to  the  diameter  of  the  propeller,  this  sarbce 
will  be  about  4,374  sq.  ft.,  with  an  average  co-efficient  of  angmen- 
tation  equal  to  1.166,  making  an  augmented  surface  equal  to 
5,100  sq.  ft.,  which  will  move,  with  reference  to  the  wat^r,  irith 
a  velocity  equal  to 

speed  of  boat(l  +  j^;J|^) 

0.22  being  the  apparent  slip  of  screw  at  bow,  and  0.18  its  ppol> 
able  real  slip,  taken  equal  to  the  slip  forscrew  at  stem  at  eqn^ 
revolutions  per  minute.     The  resistance  of  this  portion  of  ttfcO 

boat  will,  therefore,  be  proportional  to  vi*  (l+-3 — 7799)  x5,10^ 

Vi  being  the  actual  speed  of  boat  with  screw  at  bow. 

The  remaining  portion  of  the  boat's  immersed  surface  will 
1,414  sq.  feet,  with  1.394  for  the  co-efficient  of  augmentatic^ 
The  resistance  of  this  portion  will  be  proportioned  to 

<  X  1,414  X  1.394  =  V  X  1,973. 

The  power  expended  will  be  proportional  to  the  product 
the  sum  of  these  two  resistances  by  the  speed  of  boat,  or  to 


.  J 


V^ 


>^^^^^  xSAOO-hlfilsj 


"With  the  screw  at  the  stem  the  power  is  proportional  to 

v'  X  7,500, 

in  which  v  is  the  still-water  speed,  and  7,500  the  total  augmentec^ 
surface. 

Since  the  power  expended  for  screw  at  either  bow  or  stem  is 
by  Table  X.  (a),  practically  the  same,  we  have,  by  equating  the 
above  expressions, 

=  0.95  V. 


^  1, 


973  ^  5,100  (1  X  ^-^- )• 


Taking  v  at  11.96  statute  miles,  as  per  Table  X.  (a),  we  have 
t;i  =  11.3  statute  miles.  The  actual  speed  was  11.28,  or  practi- 
cally the  same. 

It  is,  therefore,  concluded  that  the  bow  screw  is  less  effective 
than  the  one  at  the  stern  by  the  extent  to  which  the  water 
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ftrown  astern   by  its   slip   mcreaaea   the   velocity  of  rubbing 
Int«e«n  the  bout  and  the  water. 

ESTIU  H0B3E-P0WER  REQUIRED  BY  TWO  SCREWa. 
It  will  be  noticed  that  by  Tables  X.  (u)  and  III.  one  screw  ia 
spparently  able  to  propel  the  boat  with  less  horae-power  at  a 
piren  speed,  than  are  the  double  screws.  Thus,  one  screw  at 
stern,  making  163  revolutions  per  minute,  drove  the  boat  13.42 
miles  with  G84  H.P.,  whereas  two  screws  at  145  revolutions 
reqmred  703  H.P.  for  a  speed  of  12.(12  miles.  Applying  the 
kf  of  cubes,  and  allowinj^  an  error  of  3  per  cent,  in  the  horae- 
piiffera  in  opposite  directions,  we  find  that  the  probable  facta 
might  be  as  follows  : 

ItevB.  B.P.  SpiMid.  Slip. 

Twosciews 145  079  IS.CSmilea        18.B* 

OuBBi^rfw  at  stern 153  561  12.03      "  18.0? 

II  now  we  write  the  following  two  equations  on  the  basis  of 
b"iiul»(l)  and  (2): 
H.P.,  two  screws,  including  power  lost  by  alip, 

(4) 

btj                       i.fi»'  y  oou      y-  X  fl  X  'jmskot  screw     ,„ 
M,  one  sere,.  =  —^-^ x ^^--^, .     (5) 

Tben,  by  equating  the  right-hand  members,  and  assuming  v 
^lal  in  each,  if  s'  =  18  per  cent,,  «  should  equal  llj  per  cent. 
In  other  words,  unless  the  slips  of  the  screws  are  related  in  the 
fitios  of  18  to  llj,  the  horse-power  for  equal  speed  will  not  be 
ft«  same.  By  the  above  data  the  slip  is  in  the  first  instance 
12-6  per  cent,  for  the  two  screws,  and  substituting  this  in  for- 
■niila  (4),  it  results  that  the  horse-power  should  be  15  per  cent. 
more  than  that  for  one  screw,  as  given  by  formula  (5)  for  18  per 
'^"i  sHp.  This  would  make  the  horse-power  689  for  the  double 
screws,  against  679  actual.  It  appears,  therefore,  that  even 
isglecting  the  friction  of  the  screw-blades  in  water,  the  two 
screws  should  require  more  power  than  a  single  screw  having  the 
*&iiift  diametor  as  each  of  the  double  screws,  a  result  due  to 
therecoil  of  the  slip  water,  as  explained  above.  So  far  aa  we  now 
tnow,  the  loss  by  friction  between  the  screws  and  the  water  ia 
only  about  2  per  cent,  of  the  power  exerted  by  the  screw. 


s'kSoO 

V 

X  »  X  4  i<  disk  of 

screw 

0.C7       " 
one  screw 

._ 

(1-  .)■ 
DiS'  X  550      o"  X 

»■  X  2  disk  ot 

screw 

0.67 

(!-»)• 
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CONDITIONS   OF  WETTED   SURFACES. 

Both  the  surfaces  of  the  screws  and  of  the  boat  were  cleane 
three  days  before  the  trials  of  the  single  screw.  These  sil 
faces  were  also  but  slightly  foul  during  the  experiments  wil 
two  screws. 

LONG  SERVICE  TRIAL  OF  '' BERGEN  "  VERSUS  "  ORANGE." 

During  October,  .1888,  the  Orange  was  operated  steadil 
on  the  Barclay  Street  route,  339  hours,  averaging  about  15  hou 
daily.  Her  coal  consumption,  including  fuel  for  banking  u 
starting  fires,  was  1,027  lbs.  per  hour. 

During  June,  1889,  the  Bergen  was  operated  the  same  nu] 
ber  of  hours,  and  upon  the  same  time-table  as  the  Oran^ 
Her  coal  consumption  was  936  lbs.  per  hour.  The  coal  used  ' 
the  Bergen  was,  therefore,  about  9  per  cent,  less  than  th 
used  by  the  Orange. 

By  the  results  given  in  Tables  11.,  VII.  and  XL  for  the  14-ha 
ferry  service  test,  it  appears  that,  supposing  the  boilers  of  be 
boats  equal  in  economy,  the  Orange  should  consume  26  lbs. 
steam  for  each  H.P.  and  develop  810  H  P.  in  making  a  certain  d 
tance  in  seven  minutes,  while  the  Bergen  should  consume  23 11 
of  steam  and  make  the  same  distance  with  650  H.P.  in  7^  minut 

23  X  650 

The  consumption  of  the  Bergen  was,  therefore,  ^ — ^^-  =  0. 

of  that   of  the   Orange.     In  other  words,  the   Bergen  used 
per  cent,  less  coal  than  the   Orange.     The  less  saving  duri 
the   339   hours'   trial    io   easily   explainable   on   the   follow] 
grounds : 

1st.  During  339  hours'  run,  the  BergerCs  engine  was  i 
nearly  the  whole  time  the  boat  was  in  the  slip ;  while  during  \ 
14  hours'  test  the  engine  was,  by  special  instructions,  not  i 
while  in  the  slip.  The  pumps  of  the  Bergen  exhausted  ov 
board  during  both  tests,  and  were  run  in  the  slip.  2d.  1 
Orange  is  not  required  to  develop  810  H.P.  during  her  op 
ation  on  the  day  service  which  consumed  the  339  hours'  te 
whereas  the  Bergai  was  being  run  to  the  full  limit  of  spc 
allowed  under  the  engineer's  instructions.  This  speed,  wh: 
was  145  revolutions,  would  develop  665  H.P.  Hence,  the  c< 
consumption  should  have  been  nearer  equal  to  that  of  t 
Orange  during  the  339  hours'  test. 
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BmmE   ECOSOMY   OF   "BERGEN"     AND     "ORANGE"     AT   14    MILEB 
PER    HOUR    IN    FERnr   SERVICE. 

When  the  Orange  exerts  810  H.P.  and  makes  tbe  full  epeed 
dkaoM between  Hoboken  and  Barclay  Street  in  7  minutes,  she 
InivHs  14  miles  jer  hour  through  the  water  and  uses  the  full 
apacity  of  her  boilers,  wLicli  then  generate  500  H.P.  dnriug  the 
rbole  time  available— including  both  the  running  time  and  time 
iKli}). 

Tomake  the  same  speed,  the  Bergen  must  reduce  her  time  of 
7i  tniunk-s,  requiring  650  H.P.,  to  7  rainuteH,  which  requires  her 
BBgines  to  exert 

(^^y  X  650  =  1.4  X  650  =  910  H.P. 

U  thfi  time  this  H.P.  must  be  exerted  is  but  about  half  of  the 
line  wliich  is  available  to  the  boiler  for  generating  the  steam,  the 
Mpuoitv  of  tbe  boilers  need  be  but  455  H.P.,  whereas  the  ruu  to 
Sflfflinrgh  showed  them  capable  of  maintaining  665  H.P.  Hence 
'm  Bergen  lias  ample  boiler  capacity  to  maintain  the  required 
"'OH P.  Her  coal  consumption,  iissuming  the  pumps  etc,  to 
^^lianst  into  the  main  condenser,  will  be  proportional  to 
''JOxSi^ 20,020,  and  that  of  the  Omnt/e  to  810.^26  =  21,060. 
^uis  leaves  a  margin  of  5  per  cent,  in  favor  of  the  Jienjen. 


MASIMUil  ECONOMY  OF  A  SCREW-BOAT  VERSUB  PADDLE-BOAT. 
-Utiiniitig  that  tlirec-fourths  of  tbe  pump's,  etc.,  consumption 
*^ii  be  saved,  and  that  the  full  advantages  of  the  triple  expansive 
System  can  be  made  available  by  maintaining  150  lbs.  pressure, 
'oe  ateam  consumption  per  hour  per  H,P,  of  all  the  machin- 
^•j  may  be  safely  estimated  at  18  lbs.  This  would  make  the 
•^naumption  relative  to  the  Orange  for  14-mile  speeds,  as 
^'0x18=  16,380  to  810  >:  26,  or  as  78  to  100,  making  a  margin  of 


^i 


per  cent,  in  fuel.     The  same  size  of  engine  as  in  the  Bergen. 


^'OQld  command  1,000  H.P.  with  about  f,  of  tbe  present  boiler 
•opacity.  This  will  make  the  boilers  of  a  screw-boat  weigh 
*l>oat  the  same  as  those  of  the  Orange. 

The  total  weight  of  tbe  screw-boat  will  be  about  220,000  lbs. 
I'gliter,  80,000  lbs.  of  which  is  due  to  absence  of  paddle  wheels, 
aad  140,000  lbs  to  difference  of  weight  of  hull.  The  difference 
of  first  cost  due  this  difference  of  weight  plus  the  above  saving  of 
*osi,  must  be  put  against  tbe  extra  repairs  of  the  machinery  and 
estra  attendance  of  the  screw-boat.     Prolonged  experience  with 
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the  new  type  of  boat  can  alone  settle  exactly  the  balance  in  iii 
favor,  but  that  there  will  be  a  considerable  balance  financial^ 
there  need  be  little  doubt,  while  the  advantages  of  better  acoooH 
modation,  greater  attractiveness,  and  greater  control  in  senice 
are  incontestable. 

DISCUSSION. 

Mr,  C.  F.  Emery, — I  desire  to  express  my  appreciation  of  the 
thorough  manner  in  which  the  experiments  referred  to  in  {his 
paper  have  been  made,  and  also  wish  to  compliment  the  public 
spirit  of  the  Ferry  Company  and  of  Col.  Stevens,  representiiif! 
it,  for  putting  at  the  disposal  of  gentlemen  competent  to  make  t 
series  of  experiments  of  this  kind,  this  novel  vessel  for  experi 
mental  purposes. 

In  examining  the  results  of  the  experiments,  I  am  surprise 
at  the  verj'  low  economy  shown  by  the  triple  compound  engin 
I  would  ask  what  was  the  mean  pressure  referred  to  the  lar^ 
cylinder  ? 

Prof,  Denton. — Twenty  seven  pounds. 

Jfr,  Emery, — That  is  ample,  so  that  the  low  economy  is  di£ 
cult  to  account  for.  There  are  plenty  of  experiments  showii^ 
that  a  horse-power  can  be  obtained  in  a  compound  engine  of  goc: 
construction  with  18]  or,  at  the  most,  20  pounds  of  feed  water  p^ 
horse-power  per  hour.  In  a  recent  paper  on  the  "  Developme^ 
of  the  Compound  Engine,"  I  predicted  from  the  results  of  exper* 
ments  with  the  revenue  steamer  Bush  that,  by  doubling  tk 
pressure,  a  horse-power  could  be  produced  in  a  triple  compoun. 
engine  for  15.15  pounds  of  feed  water  per  horse-power  per  houi 
and  the  accuracy  of  this  prediction  has  been  shown  quit 
recently.  It  is  a  question,  therefore,  why  the  results  with  th 
triple  compound  engine  referred  to  in  the  experiments  now  pre 
sented  were  so  very  inferior. 

Prof.  Denton, — It  is  possible  there  was  some  leakage  of  th 
valve  of  the  Bergen.  We  did  not  have  a  chance  to  try  the  leal 
age  of  the  valve,  but  the  economy  is  proportional  to  that  of  th 
Meteor,  taking  differences  of  expansion  and  cushion  into  accoun 
I  want  to  say,  regarding  the  Orange,  inasmuch  as  there  is  a  gres 
deal  of  assertion  about  the  possible  leakage  of  poppet  valves 
and  as  is  well  known  the  leakage  varies  with  the  tendency  c 
the  steam  chest  to  expand  out  of  shape,  we  went  to  the  troubl 
of  testing  very  tlioroughly  the  leakages  of  the  valves  and  pistom 
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te  greatest  leakage  was  one-foarth  of  one  per  cent.     The  pis- 
k>Ti  had  no  leakage  at  all,  and  yet  it  is  packed  with  a  ring  of  ltd  I 
I  elasticity,  having  about  5  poundB  pressure  to  the  square  j 
mch. 

Mr.    Emery. — Engines   running  with   70   pounds — compound  1 
Vengincs — have  given  13  pounds  of  water  per  indicated  horse- 
lowor  per  hour ;  and  so,  if  the  triple  compound  is  not  going  to  do  j 
tetter  than  that,  there  is  no  necessity  of  having  any  extra  eom- 
i  plication. 

Mr.  Wm-  Kent. — I  would  ask  if  the  very  lai^e  clearance  is  not 
largely  responsible  for  the  lack  of  economy ;  also  the  great  di'op 
}  between  the  boiler  pressure  and  the  steam-chest  pressure. 

Mr.  C.  A.  Hague.— It  would  seem  as  though  the  large  clearance 
I  would  affect  the  economy  of  the  engine  somewhat,  and  I  would 
ike  to  ask,  why,  in  the  triple  expansion  engine  slide  valves  are 
lot  used  ? 

Coi  Stevens. — Although  I  am  not  personally  an  engineer,  I  can 
|bU  you,  perhaps,  that  Mr.  Wilson's  idea  in  designing  the  engine 
1  that  the  piston  valve  would  give,  on  the  whole,  the  best 
teBolts  ;  that  with  excessive  pressures,  which  might  be  brought  . 
1  the  back  of  the  slide  valve,  he  would  prefer  the  larger  clear- 
nice  necessary  for  the  piston  vnlve.  Also,  to  obviate  any  ques- 
lon  of  leak  in  the  piston  valve,  he  placed  the  piston  valve  ' 
between  the  high  pressure  and  intermediate  cylinders. 

A  Member. — If  the  gentlemen  have  got  through  with  the  quos- 
tion  of  engine,  I  would  like  to  know  very  much  what  is  the  mat- 
ter with  the  boiler.  The  professor  explained  it,  that  those  rivet 
heads  come  off  from  the  downward  movement  of  the  ring.  I 
would  like  to  ask  Iiow  that  is  likely  to  take  that  head  off  the 
rivet.  If  the  boiler  is  under  high  pressures,  and  circulation 
is  good,  why  should  not  that  boiler  hold?  Is  there  any  reason 
why  that  ring  there  should  collapse?  I  would  like  to  have 
jOmobody's  opinion  on  that. 
A  Memfier.—'Do  those  occur  only  in  the  hottest  parts  of  the 

i,  or  right  along? 
CW.  Stetrens.—I   think  probably  it  would  be  on  the  hottest 
B  of  the  furnace  only.     I  think  it  is  principally  on  the  bot- 
wt  parts  of  the  furnace.     Tlie  trouble  is  principally  in  one  fur- 
It  occurred  in  both  furnaces  and  one  boiler. 
Prt^.  Deiiton.—l  inquired  of  the  master  mechanic  this  morn- 
ing, and  he  said  that  several  rings  along  the  boiler  had  shown 
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this  same  weakness,  and  I  have  understood  that  the  rivets  wei 
essentially  horizontal  rivets,  or  near  the  horizontal  line.  ( 
course,  if  that  is  not  so,  why,  any  hypothesis  such  as  mine  hi 
to  the  grouncL 

Mr,  Emery. — What  was  the  thickness  of  the  shell? 

A  Member, — I  think  nine-sixteenths. 

Mr,  Hague. — Is  there  any  evidence  of  the  rivets  burning  of 
Is  that  a  water  space  in  between  the  two  rings  ? 

Prof,  Denton, — The  ring  is  right  in  the  water ;  the  rings  do  u 
enclose  a  place.  They  are  four  feet  apart,  just  like  the  boo 
on  a  barrel. 

Mr,  Hague, — ^Would  not  that  tend  to  shut  the  water  aw; 
from  the  rivet  ? 

Col,  Stevens, — No. 

Mr,  Hague — ^The  theory  of  expansion  which  the  profess 
suggested  was  that  the  pressure  on  the  inside  of  the  blank  ri 
would  alternatively  punch  the  head  on  one  side  and  the  othei 

Mr,  Stevenson  I'aylor, — I  would  like  to  say  that  Harlan 
HoUingsworth  Co.,  of  Wilmington,  have  built  a  duplicate  of  tl 
engine  and  these  boilers.  They  say  they  have  had  no  su 
trouble  with  their  furnaces,  although  they  have  been  used  wi 
forced  draught.  They  make  the  ring  bear  on  the  bottom  as  ^ 
suggested,  and  the  ring  is  not  solid.  I  would  like  to  ask  if  tl 
rincf  is  solid  ? 

Mr,  H,  B,  Eodker, — The  ring  is  solid,  yes,  sir. 

Mr,  Taylor, — I  would  like  to  call  attention  to  a  point  in  ref 
ence  to  the  engine.  CoL  Stevens  spoke  of  the  relative  cosi 
the  engines  of  the  Orange  and  Bergen,  but  he  did  not  take  i 
consideration  the  cost  of  the  Bergen! s  machinery  to  the  hwldk 
I  am  credibly  informed  that  the  machinery  of  the  Bergen  c 
the  builders,  say  50  per  cent,  more  than  the  contract  price. 

Mr,  U,  B,  ItoeXker, — I  beg  to  remind  the  member  that 
Delamater  Iron  Works  burnt  up  while  the  engine  was  on 
floor,  and  part  of  it  had  to  be  built  twice. 

Mr,  Emery, — Troubles  occur  with  boilers  of  this  class  un 
circumstances  which  at  times  it  seems  impossible  to  explain, 
have  built  the  boilers  of  eight  or  ten  steamers  from  exactly 
same  specifications,  and  know  that  their  construction  was  exa( 
the  same,  so  fnr  as  it  was  possible  to  ascertain  ;  and  j'et  on  on< 
the  steamers,  where  the  furnaces  were  built  of  iron  instead 
steel,  the  sheets  cracked  at  the  angles  where  they  were  flanj 
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outward  and  joined  togetber  through  calking  rings,  not  only  in 
sOTeral  ot  the  sections  of  one  furnace,  but  siniilarly  in  the  other 
furtiacee.  The  tests  of  tho  material  were  at  the  time  satis- 
factory, and  no  explanation  of  the  result  could  be  obtained. 
From  the  fact  that  the  other  veasela  had  had  no  such  difficulty, 
it  was  simply  decided  to  put  in  another  set  of  furnaces,  using 
due  CEire  to  test  the  material  and  watch  its  manipulation,  and 
hope  for  better  results.     This  work  is  now  in  progress. 

AJr.  J.  F.  IJolhway. — The  method  of  bracing  or  staying  the 
boiler  furnace  as  showu  is  quite  different  from  our  prr.ctiee  in 
the  West.  In  regard  to  the  method  shown,  I  woidd  offer  an 
opinion  as  to  the  cause  of  the  troable,  and  also  my  idea  of 
a  method  of  overcoming  the  trouble. 

The  usual  method  of  staying  furnaces  in  locomotive  boilers,  as 
well  as  the  side  and  crown-sheets  of  marine  boilers  in  use  on 
the  lakes,  is  by  the  use  of  screwed  stay  bolts.     These  stay  bolts 
are  screwed  in  throiigh  the  outer  plates  into  and  through  the 
I  inner  plates,  and  then  botli  ends  are  riveted  over  cold.    By  this 
I  arrangement  no  strain  is  put  upon  the  stay  bolt  or  rivet      Now,;i 
in  the  arrangement  as  shown,  you  have  a  very  long  rivet ;  this 
f  rivet  is  driven  hot,  and  when  it  cools  off  there  is  a  severe  strain 
I  pnt  on  the  head  of  the  rivet,  and  it  does  not,  in  my  judgmenl^ 
i  require   any  considerable   amount   of   heating   and   cooling   to 
increase  the  strain  sufficiently  to  tear  off  the  inner  or  riveted- 
'  over  head.     I  know  it  is  the  practice  in  the   East,  on  boilers 
I  which  only  carry  low  pressures,  to  use  long  bolts  with  thimbles 
between  the  plates,  but  it  is  new  to  me  that  this  kind  of  con- 
'  Btrnction  is  used  on  boilers  intended  to  carry  high  preasurea. 
All  the  marine  boilers  of  the  olden  time  carried  low  steam  press- 
ures, and  the  stay  bolts  were  usually  long  bolts  with  heads  and 
nuta.    I  think  in  this  case,  if  the  stay  bolts  had  been  screw  bolts, 
pat  in  cold  and  riveted  over,  there  would  have  been  no  internal 
}  Btrains  on  tliem  to  assist  in  breaking  the  heads  off. 

Speaking  of  the  strains  which  come  to  machineiy,  and  castings 
of  various  kinds,  few  of  us  can  imagine  to  what  extent  they  exist 
by  reasons  of  shrinkage,  or  by  expansion  due  to  heating  and  ' 
cooling.  I  never  see  a  complicated  and  crooked  casting  but 
ink  of  it  as  being  like  a  man  who  has  the  rheumatism  ;  it  is 
ng  and  straining  in  every  direction. 

think  in  this  case,  very  likely,  the  great  length  of  the  stay 
iiTet,  which  is  put  in  place  hot,  then  riveted  over,  is,  by  cooling 
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oflf,  strained  to  a  point  at  which  the  head  is  quite  ready  to  oome 
oflf  with  slight  additional  strains. 

Prof.  J.  B.  Vehb, — ^I  remember  a  paper,  which  I  belieye  was 
read  before  the  American  Association  for  the  Advancement  of 
Science  some  few  years  ago,  where  the  writer  had  dealt  with 
locomotive  fire-boxes,  and  found  the  same  action  due  to  the  ex- 
pansion of  the  inner  sheet  of  the  water  leg,  which  tended  to 
break  off  the  stay  bolts.  I  believe  he  found  that  the  expansion 
was  the  real  cause  of  their  failure.  Now,  as  to  the  remedy  in  the 
present  case,  it  is  doubtful  whether  those  horizontal  rivets  are  of 
any  advantage  wljatover.  If  the  fire-box  is  hotter  than  the  water 
when  the  fire  is]  in  it,  then  it  must  be  expanded  more  than  the 


Fig.  88.^  Fig.  80. 

rings  which  are  surrounded  by  the  water.  The  heat  is  going 
through  the  metal  from  the  fire  to  the  water,  so,  of  course,  the 
fire-box  is  hotter  than  the  ring.  If  the  fire-box  were  riveted  to 
the  ring  by  its  upper  and  lower  quadrants  only,  leaving  the  side 
quadrants  free,  the  increased  expansion  of  the  former  would.cause 
it  to  assume  an  clli2)tical  form  with  the  longest  diameter  hori- 
zontal, supposing  it  to  be,  of  course,  concentric  with  the  ring 
when  colcL  Figs.  88  and  89  show  such  a  construction ;  a  is  the 
ring,  h  the  fire-box ;  the  dotted  lines  indicating  its  circular  form 
when  cold,  and  the  full  lines  its  elliptical  form  when  in  use.  If 
it  be  assumed,  for  example,  that  the  fire-box  is  36  inches  diam- 
eter, and  that  its  temperature  averages  200- degrees  higher  than 
that  of  the  ring  a,  then  the  horizontal  diameter  will  be  greater 
than  the  vertical  by  more  than  ^\  of  an  inch.  As  the  steam 
acts  to  compress  it  in  the  direction  of  its  least  diameter,  it 
follows  that  the  rivets  will  act  to  hold  the  upper  and  lower 
quadrants  from  being  forced  inwards,  and  that  no  rivets  are 
needed  in  the  right  and  left  quadrants.'  Fig.  89  illustrates  the 
effect  of  rivets  all  round.  Supposing  the  upper  half  of  the 
fire-box  to  average  200  degi'ees   hotter  than  the  lower  hal^ 
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ikis  protected  conaiderftbly  by  ashes,  the  expansion  of  the 
f  half  will  exceed  that  of  the  lower  by  about  g\,  of  an 
h  it  each  eide ;  so  that  while  the  top  and  bottom  rivets 
I  wrald  remain  vertical,  the  horizontal  rivets  would  have  their 
I  ma  ends  forced  downwards,  and  their  centre  Hues  would 
I  tiioreforG  be  inclined  from  the  horizontal  aa  indicated  by  the 
I  dotted  lines.  The  inner  ends  of  the  rivets  wonld  be  forced 
I  do»inrard  i\  of  an  inch,  and  a  repetition  of  this  a  sufficient 
I  Bimiberof  times  might  break  off  the  heads  of  the  rivets. 

^r.  C.  E.  U)jde. — I  would  like  to  ask  whether  this  accident 
I  night  not  have  been  caused  by  overheating  on  account  of  grease 
I  in  the  furnace  ? 

Prof.  Denlon.^—J.  understand  that  the  furnace  was  fairly  clean. 

Mr.  Eifh:. — I  had  some  experience  a  few  years  ago  which  goes 

to  show  that  that  thing  may  be  caused  by  a  very  small  quantity 

which  ordinarily  would  not  be  noticed.    Unless  that  has 

J  beeu  eiamined  pretty  closely,  I  should  aay  that  tliere  was -a 

I  possibility  that  that  might  have  caused  it. 

Prof.  Woufl. — It  is  a  wonder  that  the  boiler  stands  at  alL  It 
f  i*  easier  to  explain  why  they  fail  under  the  severe  stresses  due 
to  eipanaion  and  contraction.  I  was  about  to  relate  the  same 
incident  which  Professor  Webb  referred  to.  I  think  many  of  us 
CM  confirm  that  action  in  regard  to  stay  bolts.  Now,  if  in  this 
particnkr  boiler  the  rim  of  iron  is  compressed  all  about  equally, 
it  wonlil  then  retain  a  circular  form,  so  that  we  have  only  to 
consider  the  fact  of  the  extension  of  the  upper  part  compared 
with  the  lower.  As  the  upper  part  expands,  it  will  tend  to  throw 
Um  upper  part  upward,  elongating  the  vertical  diameter  and 
tending  to  shorten  the  horizontal  one,  thus  tending  to  pull  the 
heads  oflf  the  bolts.  The  alternate,  unequal  heating  and  cooling 
of  the  shell  will  tend  to  shear  the  bolts  and  thus  weaken  them, 
rendering  them  more  susceptible  to  the  pulling  action  when  the 
horizontal  diameter  shortens,  until  by  repeated  actions  of  this 
■iid  they  ultimately  faiL  The  remedy  in  such  a  case  would  be 
to  make  the  bolts  stronger. 

^r.  II,  de  B.  Parsons.* — I  preface  my  remarks  by  stating  that 
the  following  theory  of  the  failure  of  the  rivets  in  the  flues  of 
the  boiler  of  the  Hergen  is  given  with  some  reserve  ;  for  I  have 
not  seen  the  flues,  nor  have  I  examined  the  rivets,  but  advance 

*  Coutribnted  ifcer  odjounimeat. 
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this  theory  on  the  facts  as  presented  at  the  meeting,  o 
as  I  understood  them. 

The  stiffening  ring,  being  so  much  deeper  than  the  \ 
of  the  flue,  offers  very  much  greater  resistance  to  distor 
the  flue ;  and  also,  being  at  a  much  more  uniform  tempe 
practically  retains  its  circular  form.  On  account  of  the 
of  the  fire,  the  portion  of  the  flue  above  the  grab 
subjected  to  a  greater  degree  of  heat  than  the  part  b( 


Fio.  90. 


Fro.  91. 


in  consequence  the  upper  half  will  be  more  expanded 
lower.  At  sections  of  the  flue  between  the  stiffening 
flue  will  assume  a  smooth,  although  not  a  circular  seel 
rivets  being  held  firm  by  the  great  rigidity  of  the  stiffe 
will  cause  the  flue  at  that  part  to  assume  some  such  I 
shown  iu  an  exaggerated  manner  in  the  illustration 
and  91. 

The  vertical  plane  through  the  top  and  bottom  ri'^ 
be  a  plane  of  symmetry,  since  from  the  nature  of  the 
disturbing  elements  to  the  right  and  left  balance  one 
and  the  top  and  bottom  rivets,  if  good  in' the  beginning 
show  no  signs  of  weakness. 

On  the  other  hand,  the  side  rivets  are  the  ones  whic 
the  distortion ;  and  since  the  rivets  were  riveted  up  t 
the  metal  was  cold,  any  "  play  "which  may  take- place 
not  only  to  shear  the  rivets,  but  also  to  throw  off  tl 
This  play  is  caused  by  the  side  rivet,  which  prevents 
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quadrant  from  expautUug  downward,  and  compels  it  to  bulge 
wt^Msi  And  aincp  the  upper  quadrant  bulges  outward  more 
ftui  the  lower,  the  lower  quadrant  will  be  thrown  inward  at  the 
K^a  riretj  or,  in  other  words,  the  sheet  of  the  flue  will  turn 
»boat  the  upper  edge  of  the  ferrule,  as  is  shown  in  Fig.  91. 

SbonJd  the  rivets  be  made  very  large  in  comparison  to  the 
BiickDeas  of  the  flue,  their  estra  strength  might,  and  probably 
Ttmld,  save  them,  but  it  would  in  no  way  i-emove  the  primal 
c*08e  of  weakness. 

P'of.  J.  E.  Dfniou.*  — I  reply  first  to  the  questions  aa  to  bow 

'TMcessive  clearance,  and  loss  of  pressure  during  admission, 

^  responsible   for   the   failure  of  the  Berrien  to  show  much 

Mtter  economy   than    double-expansion   engines  such   as   are 

'sfeiTeii  to  by  Mr,  Emery. 

A  clearance  of  14  per  cent,  in  the  high  cylinder  wastes  only  as 

iDeli  steam  as  would  2  per  cent.  o£  clearance  in  a  single  cylinder 

*ipne  of  e(iual  ratio  of  expansion.     Marine   architects  have, 

'^erefore,  been  very  lavish  of  clearance  in  applying  the  piston 

'*lve,  which  naturally  requires  more  clearance  than  slide  valves, 

I    ^-ipaes  are  in  use  with  piston  valves,  however,  with  as  little  as 

\    '  per  cent,  clearance, 

Tlo  clenrance  in  the  second  and  low  cylinders  do  not  directly 
^^crease  steam  consumption,  but  there  is  on  indirect  increase  by 
'te  loss  of  area  between  the  indicator  cards.  The  lowering  of 
*«le  mitial  pressure  in  the  high  cylinder  lowers  the  ratio  of 
^^pausion  for  a  given  horse-power,  and  thereby  prevents  the 
•ligbest  economy.  Except  in  the  matter  of  this  low  initial  press- 
ure, the  Benjen  is  not  inferior  to  any  of  the  recent  triple-expan- 
sion engines,  as  the  clearances  are  about  as  great  in  them  as 
IB  the  Bergen. 

Allowing  for  differences  in  initial  pressure,  ratio  of  expan- 
sion, cushion,  and  clearance,  between  the  SS.  Meteor  and  the 
Afgea,  the  latter  should  have  used  about  1 7.8  pounds  of  steam 
instead  of  18.3,  taking  the  i/cieflr  to  have  used  15  pounds.  In  other 
*ordB,  the  low  economy  of  the  Bergen  is  practically  ascribable 
to  low  ratio  of  expansion,  due  to  low  initial  pressure.  This 
point  is  further  discussed  in  the  body  of  the  paper  under  the 
heading,  "  Combined  Card  of  Bergen." 
Begarding  the  various  opinions  on  the  failure  of  the  furnac^ 


I 
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with  two  exceptions  they  appear  to  support  the  idea  that  straisi 
could  easily  occur  in  the  ring  rivets,  which  would  render  the 
structure  defective  to  a  degree  corresponding  with  the  weaknea 
described.  I  agree  with  the  views  expressed  *by  Mr.  Hollowaj 
and  Mr.  Emery  as  to  the  unreliability  of  riveted  work  nnd^ 
these  conditions,  and  in  general  with  the  theories  of  expansioii 
and  contraction  enunciated  by  the  other  speakers.  Tlie  two 
exceptions  are  the  idea  of  grease  being  responsible,  and  the 
opinion  that  making  the  ring  eccentric  to  the  furnace,  or  touch 
the  furnace  directly  for  a  portion  of  its  circumference,  would 
eliminate  the  possibilities  of  such  trouble  as  experienced  with 
the  Bergen.  Greasy  deposits  on  the  furnace  unquestionably 
could  cause  leakage,  but  when  the  furnaces  were  removed  the 
writer  examined  the  iron  carefully  and  found  no  traces  of  a 
grease  deposit  As  to  the  eccentric  ring  arrangement,  the  (% 
of  Kingston  had  its  furnaces  so  arranged,  and  experienced  the 
same  troubles  as  the  Bergen^  until  the  rivets  were  tapped  throtigi 
the  boiler-plate,  as  suggested  by  Mr.  Holloway. 

At  the  date  of  this  writing  (Feb.  5, 1890)  the  Bergen  has  been 
fitted  with  corrugated  furnaces,  and  has  been  in  regular  dail] 
service  several  weeks  without  any  sign  of  defects  in  the  for 
naces ;  but  Craig's  circulators  are  in  use  to  circulate  the  wate 
under  the  furnace. 


THEOBT  AND  DESIGN  OF   CHIUNEVS. 


fHEORY  AND  DESIGN  OF  CHIMNEYS;  WITH  CRITI- 
CISMS ON  THE  COMMON  THEORY,  AND  EXPERI. 
MENTAL   DATA. 


(Member  ol  [he  Soclely.) 

Cheuneys  are  usually  built  to  serve  two  pni-posea — to  create  a 
Fdraugtit  forsuppljingair  tothefire,  aiidtodischai^e  the  smoke  and 
gases  Iiigb  enough  above  the  grounil  to  malce  them  (-omparutively 
inoffensive.     The  employment  of  forced  draught  is  so  rapidly  ex- 
tending, that  the  use  of  chimneys  for  the  first-mentioned  purposa 
in  large  esttibUshments   may  some  time  become  a  thing  of  the 
past;  but  it  is  likely  that  they  will  be  always  needed  for  the 
second  purpose  ;  and  in  cases  where  thfl  present  ordinary  methods 
f  burning  coal  under  boilers  continue  to  be  employed,  it  will 
Probably  bo  found  better — for  reasons  given  hereafter — to  use  a 
reombinalioD  of  chimney  draught  and  forced  draught,  rather  than 
r  either  alone.     It  appears,  therefore,  that  the  problem  of  deter- 
I  xaiuiug  the  best  forms,  dimensions,  and  materials  for  chimneys 
to  serve  any  doeired  purpose  will  continue  to  be  an  important 
matter  to  the  engineer. 


OBJECTIONS  TO  TOE  COMMON  THEOKY. 

I  It  has  long  seemed  to  the  writer  that  the  theory  of  chimney 
banght  promulgated  by  Fcclct,  Rankine,  Morin,  and  WcisbaJh, 
and  generally  accepted  by  more  modern  writers,  contains  certain 
errors,  on  which  have  been  based  conclusions  and  formula}  which 
are  not  supported  by  the  results  obtained  in  practice.  The  dis- 
agreement has,  indeed,  led  some  engineers  to  discard  the  theory 
and  to  depend  upon  rule  of  thumb. 

As  an  illustraliou,  there  is  derived  from  the  common  theory  a 
formula  for  the  number  of  pounds  of  fuel  which  may  be  burned 
per  hour  with  a  given  chimney,  which  is  usually  expressed  by  an 
equation  of  the  form  F=  CAVH ;  in  which  E  is  the  height  of 
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the  chimney,  A  the  area  of  its  cross  section,  and  C  a  coeffic 
whose  value  is  variously  stated,  ranging  nsnally  from  10  to 
Some  writers  state  this  formula  as  if  it  were  a  matter  of  indi 
ence,  in  regard  to  the  draught,  whether — other  things  remai] 
the  same — we  build  a  chimney  81  feet  high  and  2  feet  sqi 
inside,  or  16  feet  high  and  3  feet  square  inside,  the  pnx 
A  "s/H  being  the  same  in  each  case.  The  16-foot  chimney  wool 
considerably  cheaper,  and  the  main  reason  why  it  is  not  prefe: 
is  that  practical  engineers  know  that  it  is  not  an  equivalent 
the  81-foot  chimney.  Other  writers  qualify  the  rule  by  the  st 
ment  that  it  applies  only  to  cases  in  which  the  total  grate  arc 
about  eight  times  the  area  of  the  chimney.  It  is,  liowever,  sc 
times  desirable  to  make  the  grate  area  more,  or  less,  than  e 
times  the  chimney  area. 

For  example,  by  this  rule  a  54.-ineh,  round,  iron  stack,  64 
high,  having  a  sectional  area  of  16  square  feet,  will  be  just  abl 
burn  15  X  16  X  V64  (=  1920)  pounds  of  coal  per  hour  (using 
maximum  value  of  the  coeiBcient).  Making  the  total  grate 
eight  times  the  section  of  the  chimney  would  give  us  128  square 
of  grate ;  or,  we  may  say  that  the  chimney  would  just  suffice  for 
boilers,  each  having  32  squate  feet  of  grate  surface,  and  bur 
15  pounds  of  coal  per  hour  per  square  foot.  K  at  some  fu 
time  it  is  desired  to  add  two  more  boilers  of  the  same  size, 
question  arises  whether  or  not  they  may  be  connected  to  the  e 
stack ;  or,  in  case  enlarged  chimney  capacity  is  necessary,  whc 
it  will  be  more  economical  to  build  an  additional  stack,  c 
increase  the  height  of  the  old  one.  To  the  latter  question 
ordinary  chimney  theory  gives  no  satisfactory  answer, 
formula  indicates  that  the  present  stack  is  doing  all  the  woi 
which  it  is  capable  ;  but  if  the  experiment  is  made  of  connec 
to  it  the  two  additional  boilers,  it  is  found  to  answer  about  as 
for  six  as  it  did  for  four ;  and  the  amount  of  coal  burned  per  ] 
is  increased  nearly  in  proportion  to  the  increase  in  grate  sur 
If,  on  the  other  hand,  the  number  of  boilers  connected  to 
stack  is  reduced,  the  amount  of  coal  burned  per  hour  is  foun 
be  reduced  in  nearly  the  same  ratio. 

Within  certain  limits,  the  total  fuel  consumption  is  all 
independent  of  the  area  of  the  chimney,  and  depends  mainly  i 
the  grate  area ;  but  this  cannot  be  taken  as  a  general  law, 
more  than  the  other ;  for  if  we  continue  to  connect  more  bo 
to  the  same  stack,  we  soon  reach  a  point  where  the  coal 
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fiomed  ceases  to  increase  in  proportion  to  the  grate  surface.  In 
Aocase,  however,  does  the  quantity  of  coal  burned  on  a  given 
grate  vary  in  the  same  ratio  as  the  area  of  the  chimney.  These 
aie  facts  well  substantiated  by  experience. 

Again,  from  the  same  theory  of  draught  is  deduced  a  law,  so 
called,  which  asserts  that  no  matter  what  the  dimensions  of  the 
cbimney  and  furnace,  the  maximum  draught  will  be  attained 
when  ihe  temperature  of  the  chimney  gases  is  such  that  their 
density  is  just  one-half  the  density  of  the  outside  air.  This 
would  make  the  temperature  of  maximum  draught  in  any  chim- 
ney about  600°  Fahrenheit.  Experiments  upon  chimneys  of  ordi- 
nary proportion  show,  nevertheless,  that  the  draught  is  stronger, 
and  that  more  coal  is  burned  per  square  foot  of  grate,  when  the 
temperature  rises  above  600°. 

Had  not  the  writer  thoroughly  satisfied  himself  of  the  incorrect- 
ness of  the  common  theory  upon  these  points  by  experiment,  as 
well  as  by  mathematical  analysis,  his  high  respect  for  the  authority 
of  Bankine  would  deter  him  from  offering  as  a  substitute  the  theory 
Wein  set  forth,  which  appears  to  him  to  be  in  better  accord  with 
tte  trutL 

GENERAL  PRINCIPLES  OF  CHIMNEY  DRAUGHT. 

If  one  end  of  a  glass  U  tube,  about  half  full  of  water,  is  con- 
nected with  the  space  in  the  bottom  of  a  chimney,  and  the  other 
^iid  left  open  to  the  air,  it  is  found  that  when  the  chimney  is  cold 
^te  water  stands  at  the  same  level  in  the  two  branches  of  the  tube  ; 
^^i  when  there  is  a  fire  in  the  furnace,  and  the  chimney  is  full 
^f  hot  gas,  the  level  of  the  water  in  the  branch  of  the  U  connected 
^^  the  chimney  is  slightly  higher  than  that  in  the  other  branch, 
showing  that  the  pressure  in  the  bottom  of  the  chimney  is  less 
^^an  the  external  atmospheric  pressure  by  an  amount  correspond- 
ing to  the  diflference  in  level.  One  inch  difference  in  level  would 
Correspond  to  a  reduction  of  pressure  of  5.2  pounds  on  the  square 
^oot ;  but  the  difference  is  more  frequently  less  than  this,  and  is 
Usually  stated  in  tenths  of  an  inch.  This  reduction  of  pressure  in 
the  bottom  of  the  chimney  is  explained  by  the  fact  that  the  column 
^f  gas  in  the  chimney,  being  expanded  by  heat,  is  not  as  heavy  as 
^  similar  column  of  the  outside  air. 

^ow,  it  is  the  excess  of  the  external  pressure  over  the  pressure 
^^  the  bottom  of  the  chimney  which  causes  the  current  of  air  to 
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flowthrougli  the  furnace  into  the  chimney ;  and  apon  the  qnan 
of  air  forced  through  the  grate  depends  the  quantity  of  fuel  \9h 
can  be  burned.  It  follows  that,  with  a  given  fumacey  the  eh 
ney  which  will  enable  the  most  coal  to  be  burned  in  a  given  t: 
is  that  wliich  has  the  smallest  internal  pressure  at  the  bott 
I^et  us  first  ascertain,  therefore,  on  what  the  reduction  of  presG 
in  the  bottom  of  a  chimney  depends. 

If  the  column  of  hot  gas  in  the  chimney  were  standing  still, 
excess  of  the  external  over  the  internal  pressure  at  the  bott 
expressed  in  pounds  on  the  square  foot,  would  be  equal  to 
excess  of  the  weight  of  a  column  of  the  outside  air  as  high  as 
chimney,  and  one  foot  square,  over  the  weight  of  a  similar  coh 
of  the  heated  gases  in  the  chimney.  But  as  the  gases  are  in  : 
tion,  a  certain  back  pressure  is  generated  by  their  friction  on 
sides  of  the  chimney,  and  this  back  pressure  must  be  subtrac 
from  the  difference  in  weight  between  the  external  and  intei 
columns,  in  order  to  find  the  real  reduction  of  pressure  at  the  1 
tom  of  the  chimney ;  that  is,  in  order  to  find  the  effective  pi 
ure  acting  to  force  air  through  the  furnace. 

Let  P  =  the  excess  of  the  external  over  the  internal  presj 

at  the  base  of  the  chimney,  in  pounds  on 
square  foot ; 

H  =  the  height  in  feet  of  the  top  of  the  chimney  al 
the  fire  grate ; 

J9o=  the  density,  in  pounds  avoirdupois  per  cubic  J 
of  the  outside  air  ; 

D^  ==  the  mean  density  of  the  gases  in  the  stack.  1 
the  weight  of  a  column  of  gas  one  foot  squai 
the  chimney  is  SD,,  and  the  weight  of  a  sin 
column  of  the  outside  air  is  HDa- 

Now,  the  effective  pressure  per  square  foot  acting  to  pro< 
the  draught  through  the  furnace  is  equal  to  the  difference  bet> 
the  weights  of  these  columns,  minus  the  back  pressure  du 
friction  in  the  chimney.  Let  Pf  represent  this  back  pressui 
pounds  per  square  foot ;  then  we  have 

P  =  H{D,-D,)-P^    .    .    .    .     .  ( 

The  flensity  of  a  gas  is  inversely  as  its  absolute  temperat 
and  if  we  let  Ta  =  the  absolute  temperature  of  the  outside 
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^=  the  mean  absolute  temperature  of  the  gases  iu  the  stack, 
i|lu7  substitute  -^  for  D^,  and  -,.-  for  D„  the  density  of  the 
oliraney  gases  exceeding  that  of  air  at  the  same  temperature  ap- 
praiimalely  iu  the  ratio  40  to  39.  These  constauts  are  adapted 
to  ui  elevation  of  about  340  feet  above  the  sea  level.  Making 
Iheea  Bubstitutions  in  the  last  eguatiou  gives  us 
/39        40- 


i?(|-f)-p. (2) 


I  tw  F=  the  mean  velocity  of  the  gases  in  the  chimney, 
M=  the  inner  perimeter  of  the  stack,  and 
A  =  its  sectional  area. 
Now,  the  total  force  required  to  overcome  the  friction  in  the 

stack  is  proportional  to  its  interior  surface— that  is,  ils  perimeter 
ooltiphed  by  its  height — to  the  density  of  the  chimney  gases  (or 
aversely  to  their  temperature),  and  directly  to  the  square  of  thek 
velocity ;  and  to  find  the  back  pressure  per  square  foot  we  must 
(Uvide  the  total  force  by  the  sectional  area  of  the  chimney  in 
sqnare  feet.     Therefore  we  may  write 

P.=  C^" (3) 

ID  vhicb  C  is  a  coefficient  to  be  determined  by  experiment,  and 
depending  for  its  value  upon  the  nature  of  the  surface. 

In  tills  formula,  F,  the  velocity  of  the  chimney  gases,  is  equal 
to  the  volume  discharged  per  second,  divided  by  the  area  of  the 
cross  section  ;  and  the  volume  is  equal  to  the  weight,  divided  by 
thedensity.     Therefore,  if  we  let  W=  the  weight  of  gas  discharged 

T  W 

'T.  '=153-  ^"'^ 
stitntiog  this  value  of  F  in  Equation  3,  gives,  tor  the  back  pressure 
doe  to  friction  in  the  stock, 

_  GMHT.W- 
^'-      1600^" ^*^ 

EXPERIMENTAL  DETERMINATION  OF   COEFFICIENT  OF  FRICTION. 

The  author  has  made  a  few  experiments  to  determine  the  value 
° '  the  coefficient  C  for  brick  and  iron  stacks.  The  means  at  hand 
^te  not  such  as  to  permit  of  very  accurate  determinations,  and 
^^  number  of  experiments  thus  far  made  is  so  small  that  the 


I 
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values  bore  given  can  be  considered  only  as  rough  appro: 

tions. 

The  method  employed  was  to  take  the  t-emperature  of  the  ( 

entering  the  chimney  by  a  mercury  thermometer,  and  to  mea 

the  effective  pressure  at  the  bottom  of  the  chimney  by  a  dra 

gauge,  such  as  has  been  described.     The  pressure  iy>  due  to 

tion  in  the  cLimney,  was  determined  by  noticing  the  increas 

effective  pressure,  caused  by  momentarily  closing  a  damper  io 

flue  between  the  furnace  and  chimney.    By  this  means  the  mc 

of  the  gases  was  stopped,  and  the  draught  gauge  measured  thedi 

ence  in  weight  between  the  outer  and  inner  columns.     By  clo 

the  damper,  Pf  in  Equation  2  is  reduced  to  zero,  and  we  1 

/39       40\ 
PrzHiyp  —  -rpj'    The  value  of  Ta^  the  temperature  of  the  c 

air,  being  known,  the  equation  then  gives  us  the  value  of  2 
the  mean  temperature  of  the  chimney  gases.  The  difference 
tween  this  temperature  and  the  observed  temperature  at  the 
tom  measures  the  amount  of  cooling  in  the  stack. 

The  weight  of  gas  discharged  per  second,  TF,  was  determ 
in  the  following  way  :  Observations  were  made  at  regular  i 
vals  during  a  ten-hour  boiler  trial,  for  which  time  all  the  condi 
were  kept  d'S  uniform  as  possible.  The  total  weight  of  coal 
sumed  in  that  time  was  carefully  determined,  and  samples  o 
coal  and  of  the  flue-gases  were  taken  at  intervals  for  analysis 
comparison  of  the  analyses  of  the  coal  and  of  the  flue-gases  en; 
one  to  calculate  the  weight  of  the  gas  delivered  from  the  k] 
weight  of  the  fuel  consumed.  The  dimensions  of  the  chii 
being  known,  (7  becomes  the  only  unknown  quantity.in  Equ; 
4,  and  its  value  may  be  calculated.  The  measurements  show 
in  ordinary  cases  the  back  pressure  due  to  friction  in  the  sta 
a  relatively  small  quantity,  in  boiler  chimneys  seldom  risii 
high  as  one-fourth  of  the  effective  pressure. 

From  the  experiments  thus  far  made  are  deduced  the  folio 
provisional  values  of  the  constant  C  in  Equations  3  and  4  : 

For  an  iron  stack,  C  =  .012.    • 
For  a  brick  stack,  C  =  .016. 

DESIGN  OF  CHIMNEY  TO   DO  GIVEN  WOBK. 

The  problem  of  designing  a  chimney  to  do  a  given  work  mi 
divided  into  two  parts :  first,  that  of  ascertaining  the  draught  p 
ure  necessary  to  burn  the  desired  quantity  of  fuel  in  the  fum 
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Mcond,  thiit  of  determming  the  dimensions  of  a  chimney  which 
^Iprwluee  tbe  required  draught  at  the  lenst  expeiiBe. 

The  nnrnber  of  poaiids  of  coal  which,  can  be  burned  per  second  on 
ipveo  grate  is  equal  to  the  weight  of  iiir  forced  tlirough,  divided 
ii,' tie  number  of  pounds  of  Jiir  required  for  tlie  combustion  of  a 
poiind  of  coal  under  the  given  conditions.  The  weight  of  air 
'  f«Md  tiirongli  per  secoud  is  equal  to  the  areii  through  which  it  is 
•knitted,  multiplied  by  its  velocity,  and  by  its  density,  or  weight 
pw  cubic  foot. 

Let  1  =  the  total  area  of  the  openings  through  which  air  is 
tAadUed  to  the  fire.  In  on  ordinary  furnace  this  would  be  the 
"W  of  the  openings  between  the  grat6-bar.=i,  ])lu8  the  area  of  any 
""'fices  for  the  admission  of  air  above  the  fiie, 
iet  It  =  the  mean  velocity  of  tlie  current  entering  through  the- 
^eea. 

*j«t5=the  number  of  pounds  of  air  supplied  per  pound  of 
s*.    Then  the  number  of  pounds  of  fuel  burned  per  second  is 
^!f^.  _  59av        ^   .^  ,  , 

,^5~>—  «i-g.   and   the   number   of    pounda   burned    per   liour, 

^     _  3600  X  Syay 

14040ba ^  ' 

Determination  of  JtesisCance  of  J^urvace. 

^off,  the  velocity  v  with  which  the  air  enters  between  the  grate- 
*  ^*ta  depends  upon  tbe  effective  pressure  P  acting  between  the 
^^S^aee  beneath  the  grate-bars  and  the  bottom  of  the  chimney,  and 
*-Xsoupon  the  resistance  encountered  by  the  gases  between  these 
"^■^opobts.     The  pressure  P  is  expended  in  various  ways.    Apart 
'^I  it  may  be  coneidered  to  be  employed  to  impart  the  velocity  ti  to 
*le  entering  air ;  part  is  consumed  in  overcoming  the  fnctional 
"^^i  other  resistances  offered  to  the  passage  of  the  gases  through 
tlie  bed  of  coals,  the  boiler-tubes,  and  other  portions  of  the  furnace 
Md  flneg ;  and  part  is  used  in  imparting  to  the  gases  the  final  ve- 
locity Fwith  which  they  traverse  the  chimney.     Some  measure- 
"^ents,  made  by  the  writer,  of  the  pressures  expended  in  these 
fariousways  in  the  case  of  a  stationary  boiler  furnace  of  ordinary 
''onstmction,  gave  the  following  results : 

^feaofgrote.  22.58q.  ft. 

*n« of  gnite  opening.  6.19aq,  ft. 
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Area  tor  admittinfr  air  above  Sre,  0.45  nq.  ft. 

Totftl  admission  area,  n,  0.04  aq.  ft. 

Tube  caloiimeler  ot  boiler  (30  tubes,  4"  s.  10'),  2.74  sq.  ft. 

Coal  burned  per  sq.  ft.  of  gme  per  hour,  13, !>  lbs. 

Lba.  of  air  BU|iplied  per  lb.  of  coal  (from  BDaljseH),  31  Ibe. 

Temperature  of  boiler  room,  00°  F. 

Outside  tenipnrature,  40°  P. 

Temperature  of  chimney  gasps,  400°  F. 

Heigbt  of  lop  of  cliimney  above  giot?.  73  ti. 

Area  of  chimney  (round  iron  etach),  4  sq.  fi. 

Length  ot  horizontal  iron  smoiie-liiie,  34  fl. 

Area  of  crosa  section  of  flue,  4  sq.  ft. 

Pressures  in  lbs  on  the  aq,  ft. — 

Requirtd  to  produce  enlmiice  velocity  (3.0  ft.  per  see) 

'iequired  to  overcome  resistance  of  tire-grate ftU 

Hequtred  lo  overoome  resistance  of  corobuHlion  ehamber  and  boilar-tubes. .  1.9 

Beq Hired  to  overcome  reaiaianco  in  horizontal  Hue 

Requiretl  to  produce  discharge  velocity  (11.3  ft.  per  sec.) 

Total  effective  draugbt  proaaura,  P 

BroIc  pressure  due  iu  friction  in  stack .IM 

Xotal  Blatic  pressure  produced  by  cbimney  (S[Da  —  St]) 

It  is  evident  that  the  greater  part  of  the  draught  pressure  j 
required  to  overcome  the  resistance  offered  to  the  passage  of  t" 
gases  in  the  fire-grate  and  boiler-tubes. 

The  frictional  resistance  encountered  in  any  part  of  the  furnace* 

is  proportional  to  the  density  of  the  gas  ot  thaf-pm.nl,  multiplied 
by  the  square  of  its  velocity  at  that  point;  but,  /or  a  given 
furnace,  the  velocities  and  the  densities  in  the  different  parts  bear 
an  approsimatelj  constant  relation  to  each  other ;  therefore  the 
entire  frictional  resistance  for  any  furnace  may,  with  sufficient 
accuracy,  be  made  proportional  to  tlie  square  of  the  entrance 
velocity  v,  and  may  be  represented  by  AV,  in  which  expression 
^  is  a  coefficient  which  would  have  different  values  for  different 
types  of  furnace. 

The  velocity  of  the  gas  hi  the  chimney,  however,  bears  uo 
necessary  relation  to  its  velocity  in  the  fire-grate  and  tubes,  and 
indeed  may  be  made  to  assume  any  desired  ratio  to  it  by  varying 
the  relative  areas  of  the  passages.  It  is  therefore  not  allowable 
to  assume  that  the  resistance  to  the  passage  of  the  gas  through 
any  given  furnace  may  be  found  by  multiplying  the  square  ot  the 
chimney  nelodty  by  a  constant.     This  very  apparent  error  is  nev- 
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erilicless  made  by  most  writers  on  tli©  subject  of  cliimneys,  and  is 
Bib  lonndation  of  the  peculiar  formnljo  before  referred  to. 

In  order  to  determiue  the  proper  dimensions  for  a  cliimnej,  we 
ffinat  know   the  value  of  the   coefficient   of   resistance  for   the 
hnitice,  E.     Its  value  would  evidently  depend  principally  upon 
ihe  tbickness  and  compactness  of  the  bed  of  coals,  and  upon  the 
wnoiml  of  contraction  of  area  in  the  boiler-tubes.     The  value  of 
K  in  any  given  case  can  be  determined  with  accuracy  only  by 
eiperiment  on  a  furnace  precisely  like  the  one  we  are  to  use  ;  but 
D£  this  method  is  usuuUy  impracticable,  the  following  approximate 
rnatbod  of  calculation   may  be  employed.     Let  tis   assume  the 
effective  pressure  P  to  bo  applied  to  the  following  objects,  viz.:  to 
iiopttrling  the  entrance  velocity  v,  to  overcoming  the  resistances 
offered  successively  by  the  fire-grate,  the  combustion  chamber, 
the  boiler- tubes,  and  the  smoke  Hue,  and   to  imparting   to  the 
gases  the  final  discharge  velocity  V. 
Let  r  be  a  coefficient  of  resistance  for  the  fire-grate  and  bed  of 
coals ; 
c  a  similar  coefficient  for  the  combustion  chamber; 
J  a  coefficient  for  tlie  boiler-tubes  ; 
/  a  coefficient  for  the  flue  leading  to  the  chimney; 
I  the  length  of  this  flue  in  feet; 
d  its  diameter  in  feet ; 

a"  the  area  of  cross  section  of  the  fiae  in  sg.  ft.; 
a'  the  tube  calorimeter  in  sq.  ft.; 

IVom  the  measurements  already  given  are  derived  the  follow- 
ing provisional  valuss  for  the  constants  in  this  equation  : 

r=  .0011,r  =  .07,  c  =  .001,  J  =.016,/  =  .00016,^'  =  ^. 

Tliere  ia  need  of  more  extended  and  precise  experiments  than 
tbe  writer  has  yet  found  time  to  make,  in  order  to  determine  the 
values  of  these  coefficients  "with  accuracy.  Substituting  these 
Mines  in  the  equation,  and  taking  values  for  the  remaining  quan- 
tities from  the  example  cited,  we  have  IC=  0.18.  For  ordinary 
boiler  furnaces,  we  may  take  0.2  as  a  fairly  safe  value  for  JT;  but, 
as  its  value  varies  greatly  in  different  cases,  it  is  better  to  compute 
for  each  special  case  by  the  method  just  described. 


I 
I 
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If  in  the  expression  P  =  Kr?y  we  snbstitate  for  v  its  value 
Equation  5,  we  obtain, 


V140400  a)  ' 


This  equation  gives  us  the  reduction  of  pressure  in  pounds  o 
square  foot  needed  at  the  bottom  of  a  chimney  which  is  to 
F  pounds  of  fuel  per  hour,  in  a  furnace  having  an  area  fo 
admission  a  (in  square  feet)  and  a  coefficient  of  resistanc 
allowing  B  pounds  of  air  per  pound  of  fuel. 

In  order  to  find  the  height  of  the  chimney  necessary  to 
duce  the  required  draught  pressure,  we  have,  by  combining  I 
tions  1  and  4, 


In  this  equation,  Wis  the  weight  of  the  chimney-gas  dischi 
per  second,  which  is  usually  about  five  per  cent,  greater  tha 
weight  of  the  air  supplied  in  the  same  time.  Therefore  we 
put 

1.05  BF 


W= 


3600 


and  substituting  this  value  in  Equation  8,  we  have,  after  cor 
ing  the  numerical  terms, 

P-  XT  fry        n  C3fT,B'F'     \ 

\    »         *     18,808,000,000.  A*)'    '     •    *  ^ 

By  placing  the  two  values  of  P  from  Equations  7  and  10  eqi 
each  other,  we  obtain. 


n= 


"         •      18,808,000,000.  ^» 


\IPF^       \140,400.o/-    •     •     ^ 


This  equation  enables  us  to  calculate  the  height  of  a  ohi 
required  to  do  a  given  work,  when  its  cross  section  is  known 

In  the  case  of  a  round  chimney,  tlie  inside  perimeter, 
equal  to  3.54  A*;  and  for  any  other  shape,  we  may  put  M  = 
A^R,  where  R  is  the  ratio  of  the  actual  perimeter  to  the  cii 
ference  of  a  circle  having  the  same  area.    R  is  therefore  a  i 
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ilependiDg  on  iheform,  of  the  cross  section.    For  a  square  cliiin- 

_2_ 

Bnbalitnting  for  M  in  Equation  11  the  value   just  deduced,  we 

blTS, 

n  -  D  -      Gi^T,t:'F^     U40ioo«y"   "    "    ^  ' 

'         '      5,bOO,000,(JOU.  AS 

UbeTJderit  from  an  inspection  of  this  eqnaiion  that  by  sssnm- 
hig  different  viilues  for  A^  the  sectional  area,  we  may  obtain  an 
indefiiiite  number  of  chimneys  of  different  heights,  any  one  of 
fliicii  wiil  he  capable  of  doing  the  work  required.  Tlie  best 
'aloe  to  assign  to  A  is  nsuatly  that  which  will  make  (he  cost  ofihe 
oliBifif-j  a  minimum. 

MOBT  ECONOMICAL   PnOPOBTIONS  FOB  CHIMNEY. 
Ut£=  the  cost  of  tiie  chimney;  then,  to  find  the  most  eco- 
"Wnical  valne  for  ^,we  must  express  £' as  a  function  of  A,  and  put 

1w  differential  coefficient  -j-.  eqnnl  to  zero.     A  comparison  of  the 

•wslof  several  chimneys  has  led  to  tbe  conclusion  that,  in  so  far 
*s  it  depends  upon  its  dimensions,  the  cost  of  a  chimney  is  nearly 
proportional  to  the  J  power  of  the  area,  multiplied  by  the  g  power 
Mtiie  lieighL  Without  fixing  the  precise  value  of  the  exponents, 
*'e  oaj  write,  as  a  general  espresaion, 

E=  C-A'^IT', (IS) 

^  "iiicii  C"  is  a  constant.  Substituting  in  this  equation  the  value 
J  « from  Equation  12,  and  placing  the  differential  coefficient, 

j^' equal  to  zero,  we  obtain,  after  some  reduction, 

_        {m  +  g»)  CIiT,B'F' 

-  5,300,000,000.  m  {U„  -  I).)      '     '     "     ^    ' 

'"s  equation  determines  the  value  of  A,  which  will  make  the  cost 
.  ^""e  chimney  a  minimum ;  and  in  order  to  find  the  conespond- 
S  height,  we  may  substitute  thia  value  in  Equation  12,  which 


1 


n(D.-  D.)  Vl40,400.  a. 


(16) 
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In  order  to  simplify  the  foregoing  equations,  and  render  then 
more  convenient  for  use,  we  may  assume  an  average  value  for  thi 
temperature  of  the  air,  say  59°  Fahrenheit     This  makes  the  d\m 

39 

lute  temperature,  7;  =  59  +  461  =  520.    Therefore  Da  =520  "^'"^^ 

.  n       40        ,             n        n       .075(7;-SS3] 
and  we  may  also  put  JJg=  ^i  whence  //«  —  -^•= m 

Making  these  substitutions  in  Equation  11,  and  reducing,  gives,  ai 
a  general  equation  for  determining  the  height  of  a  chlnmejo 
known  cross  section,  which  is  to  do  a  given  work, 

H=—^ f^y.  . .  (16) 

In  this  equation, 

H=  the  height  in  feet  of  the  top  of  the  chimney  above  th 
grate; 

K=  the  coefficient  of  resistance  for  the  furnace ; 

T^  =  the  mean  temperature  of  the  gas  in  the  stack  in  Fahrei 
heit  degrees  above  tbe  absolute  zero ; 

C=  the  coefficient  of  friction  of  the  gas  on  the  sides  of  the  stac 
(=  .012  for  iron,  .016  for  brick) ; 

if  =  the  inside  perimeter  of  the  stack  in  feet: 

A  =  tbe  area  of  its  cross  section,  in  sqaare  feet ; 

B  =  the  number  of  pounds  of  air  supplied  to  bam  a  poand 
fuel; 

a  =  tbe  total  area  for  admission  of  air,  in  sqaare  feet ; 

F=  tbe  number  of  pounds  of  fuel  to  be  bamed  per  boor. 

Tbe  formula  may  be  still  further  simplified  bj  sabstitating  ar 
age  values  for  C  and  B.    Assuming  C=  .014,  and  B  =  21,  givei 


S  = 


KT, 


^.      5rfrf     ^8   V  15,000/ 


^(^) (" 


In  Equation  14  the  same  substitutions  may  be  made,  and  t< 

and  n  may  be  assigned  the  values  \  and  }  respectively.     In  1 

T 
equation  also  the  quantity  75— _f-7T  is  so  nearly  constant  for 

temperatures  ordinarily  found  in  chimneys,  say  from  200  to  2, 
degrees  on  the  common  Fahrenheit  scale,  that  its  possible  ra 
of  variation  cannot  seriously  affect  the  value  of  A,    We  may  th< 


^H  TBEOi 


1 
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at  in  place  of  it  its  average  value,  about  36,700,  wliicli  gives, 
le  most  economical  area  for  a  chimney  which  is  to  burn  ^ 
i(b  of  coal  per  hour, 

A  =  .05Ii*F* ; (18) 

aicb  is  represented  with  sufficient  accuracy  for  the  purpose  by 
oemore  convenient  formula, 

A  =  mi^F', (19) 

n  equation  which  is  flasily  solved  without  the  use  of  lognrithms, 
■  S,  it  will  he  remembered,  is  a  factor  depending  upon  the  form  of 
flie  cross  section,  being  the  ratio  of  the  perimeter  of  the  chimney 
to  the  civcnmferencB  of  a  circle  having  the  same  area.  For  n 
circaUr  stack,  ^  =  1,  which  makes  the  formula  for  the  area  of  a 
citcnlar  stack  which  is  to  burn  J^  pounds  of  coal  per  hour. 


A  -  .07^=" 


For  n  square  chimney,  B  =  1.13,  which  would  make  the  coelE- 
cient  about  6  per  cent,  greater,  but  this  difference  is  unimportant, 
"nil  Ei]Tiation  20  may  be  applied  to  either  round  or  st^noie  chim- 
aejs. 

^\'e  have  now  deduced  the  useful  law  that  in  order  to  attain  the 
gtEalest  economy,  the  area  of  cross  nection  of  a  chimney  should 
^  proportioned  approximately  to  the  j  power  of  the  weight  of 
fuel  that  is  to  be  burned  by  means  of  it.  It  should  be  noticed 
tliat  extreme  exactness,  if  it  were  possible,  would  not  be  impor- 
tait  bere,  as  even  considerable  variations  in  cross  section  on  either 
Mfl  of  the  best  value  have  a  comparatively  slight  effect  upon  ihe 
Monomy.  Indeed,  for  chimneys  of  ordiuaiy  proportions,  a  suffi- 
cient approach  to  the  most  economical  value  can  usually  bo  attained 
'ij&s  handy  rule  that  Ike  sedwnal  area  of  the  chimneij  in  square 
M  should  be  equal  to  the  number  of  pounds  of  fud  to  be  burned  per 
ninte.  This  would  make  the  velocity  of  the  gases  in  the  chim- 
"ey  usually  between  seven  and  eleven  feet  per  second.  For 
<uinsiially  lai^e  chimneys  the  more  exact  formula  of  Equation  20 
IS  rEcommended. 

It  the  area  of  the  chimney  is  determined  by  the  foregoing 
^^thods,  the  corresponding  formula  of  Equation  15  may  be  used 
to  determine  the  height.  This  equation  also  may  be  simplified 
iDi  nae  by  subatitatiDg  the  same  valaes  as  before  for  T,,  n,  m,  and 


I 
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{Da  —  D9),  Tvbich  gives,  for  the  most  economical  height  of  a  eh 
ney  to  bum  I^  pounds  of  fuel  per  hour, 

XT.     fBFy 

'  For  those  cases  in  which  the  temperature  of  the  chimney  gai 
is  between  the  limits  of  150  and  600  degrees  Fahrenheit,  whi 

T 

would  include  most  boiler  chimneys,  the  quantity  j,  _*>.oq  is  f 

proximately  equal  to  — - — ,  where  t  is  the  temperature  reckoned fr 

the  ordinar]!  zero  of  FahrenheiCs  thermometer.     For  such  cae 
therefore,  we  may  reduce  the  formula  to  a  still  simpler  form 
substituting  this  value,  and  assuming  JB^  as  before,  equal  to  ! 
which  gives,  as  a  rule  for  determining  the  most  economical  heij 
of  boiler  chimneys, 

^^=1^4©' ^22 

In  ordinary  boiler  furnaces  the  area  for  admission  of  air  to  ' 
fire,  a,  may  be  considered  roughly  as  ^  of  the  grate  area,  t 
when  the  ratio  of  grate  surface  to  tube  calorimeter  is  betwee: 
and  9,  K  may  be  taken  approximately  as  0.2.  Let  G  =  the  a 
of  the  grate  in  square  feet ;  then,  on  the  assumptions  just  ma 
we  have,  approximately, 


H 


=^(f)' (^ 


This  formula  makes  the  height  of  a  boiler  chimney  proportio 
to  the  square  of  the  rate  of  combustion  per  square  foot  of  grj 
divided  by  the  common  temperature  of  the  chimney  ga&  It  < 
be  considered,  however,  only  as  an  extremely  rough  approxii 
tion,  and  is  not  recommended  for  general  use. 

It  is  apparent,  from  the  foregoing  discussion,  that  the  n 
whicli  are  sometimes  given,  making  the  height  of  the  chim: 
about  three-tenths  of  the  square  of  the  rate  of  combustion,  wi 
out  regard  to  the  temperature  of  the  escaping  gases,  can  bar 
claim  the  dignity  even  of  approximations.  If  such  a  rule  g; 
just  sufficient  height  to  do  the  required  work  with  a  chimi 
temperature  of  600  degrees  Fahrenheit,  it  would  give  only  ono-1 
the  proper  height  for  a  temperature  of  300  degrees. 
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Equation  23  is  mainly  useful  as  a  rough  guide  in  deciding  upon 
I  Ae  rate  of  combustion  to  be  employed.  Aa  /I'Tariea  very  eon- 
I  fflJerably  witli  different  types  and  proportions  of  furnaces  and 
I  Wits,  il  is  best,  in  designing  a  chimney,  to  use  Equation  22,  and 
I  mbstitote  the  proper  vaUie  of  A",  as  nearly  as  it  can  be  ascer- 
[  imai. 

Bja  simple  transfoi'niation  of  Equation  22,  we  can  calculate 
il«  the  number  of  pounds  of  fuel  that  can  be  burned  per  hour  iu 
(given  furnace  with  a  chimney  of  height  H,  proriJcd  its  m-tiunol 
iftauiaade  aiifficienf ;  viz., 


\«i) 


Agaiu,  h_v  making 


yi. 


"■"^  lire  enabled  to  calculate  the  area  required  for  the  admission 
of  air,  in  order  to  burn  /'pounds  of  fuel  per  boui'  with  a  chimney 
"f  'leight  H,  and,  knowing  the  area  of  opening  per  square  foot  of 
S^le,  we  can  determine  the  area  of  the  grate  surface  needed. 

In  cises  where  the  number  of  pounds  of  air  supplied  per  pound 
*•*  fuel  differs  mnoli  from  the  ordinarj-  steam  boiler  practice,  or 
*"lere  the  chimney  temperature  is  outside  the  limits  of  150  and 
"Co  degrees  Fahrenheit,  as  is  the  case  in  some  metallurgical 
*orts,  we  should  go  back  to  Equation  21,  which  takes  account  of 
'lese  factors,  It  should  be  remembered,  also,  that  Equation  21, 
'^'id  all  those  following  which  are  derived  from  it,  apply  only  to 
^ases  in  which  the  sectional  area  of  the  chimney  has  been  deter- 
mined by  the  method  herein  described,  or  an  equivalent  one.  If 
*he  sectional  area  is  made  smaller  than  its  most  economical 
^a^ne,  the  frictional  resistance  to  the  passage  of  the  gases  rapidly 
'Ocreasea,  and  the  effective  draught  is  reduced,  unless  the  height  is 
'ncreaaed  sufficiently  to  counteract  the  diminished  area.  If,  there- 
fore, for  any  special  reason  it  is  desired  to  make  the  cross  section 
of  tbe  chimney  smaller  than  the  value  given  by  Equation  20,  the 
general  formula  of  Equation  16  should  be  used  to  determine  the 
•**ight.  If,  on  the  other  hand,  the  area  is  made  lanjer  than  the 
°308t  economical  value,  although  the  frictional  resistance  encoun- 
'^'^d  in  tbe  stack  will  be  diminished,  the  margin  for  reduction  is 
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too  small  to  allow  any  considerable  diminution  in  height  on  that 
account;  therefore,  one  of  the  equations,  21  or  22,  muj  be  Bafelj 
applied  to  all  cases  iii  which  the  chimney  section  is  uot  too  smi 
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Enlarging  the  sectional  area  of  the  chimney,  as  it  diminisj 
the  velocity  of  the  escaping  gases,  and  therefore  also  the  baol 
pressure  due  to  trictiou,  will  increase  the  effective  draught,  at  least, 
within  certain  limits;  but  when  the  diameter  is  enlarged  enough 
to  bring  the  velocity  of  the  gas  down  to  about  five  feet  per  second, 
the  loss  due  to  friction  in  the  stack  becomes  usually  so  small  as 
to  be  unimportant.     On  the  other  hand,  as  we  increase  the  diam- 
eter, and    reduce   the  chimney  velocity,  we   increase   the   heat- 
radiating  surface  of  the  chimney,  and  also  give  the  gases  moi 
time  to  cool  in  goiug  from  the  bottom  to  the  top,  so  that  wi 
thereby  lower  the  temperature  in  the  chimney ;   and 
eventually  reach  a  point  where  llie  increase  in  weight  of  the  gf 
dne  lo  cooling,  will  more  than  offset  the  reduction  of  back  prt 
ure  due  to  diminished  friction.     Any  fuilher  increase  in  the  sec- 
tional area  of  the  chimney  will  then  diminish,  instead  of  augment- 
ing, the  draught.   It  follows  that  for  a  chimney  of  any  given  height, 
discharging  a  given  weight  of  i^as,  which  enters  it  at  a  known 
temperature,  there  will  be  a  certain  area  which  will  produce  a 
stronger  draught  than  any  other.    In  order  to  determine  this  area, 
it  will  be  necessary  to  investigate  the  relation  of  the  dimensiOD^ 
of  the  chimney  to  the  mean  temperatm-e  of  the  gases. 

The  tall  of  temperature  of  the  gas,  due  to  cooling  in  the  stacl^j 
will  be  proportional  to  the  quantity  of  heat  radiated  from 
chimney  in  a  unit  of  time,  divided  by  the  weight  of  gas  discharged^ 
in  the  same  time.  The  heat  radiated  from  the  chimney 
second  will  be  proportional  roughly  to  its  surface,  or  its  height 
multipUed  by  its  perimeter,  and  to  the  difference  between  the 
mean  temperature  of  the  gases  in  it  and  the  outside  temperature. 
That  is  to  say,  the  loss  of  temperature  sustained  by  the  gases 
in  going  fiom  the,  bottom   to  the  top  will  be  proportional  to 

W ■     ^^^  ^'  ^^  ^^^  temperature  of  the  gases  entering 

the  stack.  Now,  the  mean  temperature  of  the  chimney  will  be 
less  than  the  temperature  at  the  bottom  by  a  quantity  which  is 
nearly  proportional  to  the  amo\mt  of  cooling;  and,  remembering 
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tiut  J/  in  the  last  expressioD  is  proportional  to  RA',  we  may 
nib  tlie  eqnfttion 

r.  =  r,-c'2M_(^.J,   .   .    .    (26) 

iiAieh  C  is  an  exjierimentat  coefficient. 

The etpurimeDts  already  referred  to  give,  as  a  provisional  value 
A  C  for  an  iron  stack,  t"  -  .{l02  ;  for  a  briiik  stack,  or  a  lined  iron 
awt,  tlie  amount  of  cooling  would  be  cousiileralilj-  less,  and 
t'lBBj- be  taken  as  about  ,0003.  There  is  need  of  further 
iipoimeiit  to  determine  these  values  accurately  ;  however,  as  the 
IfM  by  cooling  in  the  cliioiney  is  usually  comparatively  small,  a 
coDxiderable  variation  in  these  constants  would  have  but  a  small 
efeuL  In  the  case  ot  brick  chimneys,  the  leakage  of  cold  air  in 
ttrougli  the  brickwork  often  has  a  serious  effect  in  lowering  the 
tempepature  in  the  chimney,  and  interfering  with  the  draught; 
snJ'tlie  leakage  of  cold  air  through  cracks  in  the  brick  boiler 
setting  has  frequently  a  still  more  hurtful  effect. 

Bj  transforming  Equation  2C,  we  obtain,  (or  determining  the 
awn  temperature  of  the  gases  in  the  chimney,  where  7",  is  the 
t«inperalure  at  the  bottom  : 

^'  =  -W+ItVIlA^ *^^^ 

Also,  bj  combining  Equations  2  and  4  and  putting  ^=  3.54  ii.4t, 
Te  hare  for  the  effective  draught  pressure  corresponding  to  a  tem- 
peratare  T„ 


I 
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Id  order  to  find  the  area  which  will  give  us  the  maximum  draught 
in  a  chimney  which  is  to  discharge  a  given  weight  of  gas  per 
^ond,  it  is  necessary  to  substitute  for  T„  in  Equation  28,  its 
''iiue  from  Equation  27,     This  expresses  P  aa  a  function  of  A, 

snd  by  placing  the  diU'erential  coefficient   -j   equal   to   zero,  we 

oMaio  an  equation  which  determines  the  value  of  ^4,  that  will 
Kate  P,  or  the  effective  draught  pressure,  a  maximum.  The  equa- 
liod  thus  obtained  can  be  only  approximately  solved.     It  gives, 
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as  the  approximate  value  of  A  for  maximum  draught  in  a  stack 

of  height  Hf 

^^'=-<^7-.,-^.i';l_;     ....     (29) 


f 


^rmZ-Ta) 


or,  inserting  the  values  of  C  and  C  for  an  iron  stack,  and  allow* 
ing  22  pounds  of  air  per  pound  of  fuel, 

^. .  .0008^_,5=_ (80) 

For  a  brick,  or  lined  iron,  stack,  the  same  method  gives 


• 


A'  =  .OOUF  ..  ,  ^'  .    _ (81) 

Accordiug  to  these  equations,  the  sectional  area  for  maximum 
draught  in  the  case  of  a  brick  stack  is  about  twice  as  great,  or  the 
velocity  of  the  escaping  gases  one-half  as  great,  as  in  an  unlined  iron 
stack  receiving  an  equal  weight  of  gas  at  the  same  temperature. 
As  has  been  already  mentioned,  the  values  given  to  the  numerical 
coefficients  in  these  formuhe  arc  not  claimed  to  be  exact,  but  the 
form  of  the  expression  is  believed  to  be  correct.  The  exact  value 
of  the  area  of  maximum  draught  is  not  important,  as  there  is  a  wide 
range  on  each  side  of  this  value  for  which  the  effective  draught 
pressure  will  vary  only  a  very  slight  amount,  as  may  be  seen  by 
working  out  the  value  of  P  for  areas  ranging  from  one-half  to 
three  times  that  given  by  Equation  29. 

The  most  economical  cross  section  (Equation  20)  is  usually, 
as  might  be  expected,  smaller  than  the  area  of  maximum  draught ; 
and  bearing  in  mind  the  very  slight  diminution  in  the  strength  of 
the  draught  produced  by  exceeding  even  the  latter  area,  it  is  evi- 
dent tliat  one  need  have  usually  no  fear  of  impairing  the  draught 
by  enlarging  a  chimney  to  three  or  four  times  the  most  econom- 
ical cross  section.  If  the  enlargement  is  much  greater  than  this, 
however,  the  draught  begins  to  be  seriously  impaired ;  but  usually 
the  only  objection  to  making  a  chimney  too  large  is  the  unneces- 
sary expense  involved.  It  is  probable  also  that  when  the  velocity 
of  the  gases  in  the  chimney  is  verj'  slow,  the  draught  is  more  liable 
to  1)(^  interfered  with  by  the  wind,  and  thereby  rendered  unsteady. 
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This  fault  can  often  be  remedied  by  a  damper  at  the  tup  of  the 
oliimney. 

*  [It  should  be  noticed,  also,  as  resulting  from  the  principles 
developed  in  this  section,  that  when  the  area  of  a  chimney  is 
large  in  proportion  to  its  work,  the  draught,  at  the  time  of  starting 
tt«_/i'»'«,  will  not  be  as  good  as  would  be  Lad  from  a  smaller  chim- 
■  acj*.  For  the  same  reason,  a  chimney  of  small  cross  section  in 
-  proportion  to  its  work  will  recover  its  power  somewhat  more 
rapidly  after  the  fire  has  been  damped.  The  difference  is  more 
noticeable  iu  iron  chimneys  than  iu  brick  ones,  owing  to  the 
more  rapid  radiation  of  heat  from  tbe  former. 

When,  therefore,  it  is  especially  desirable  to  bo  able  to  start,  a 
Jin  quickly  by  means  of  the  draught  of  an  iron  stack,  the  area 
may  with  advauto^je  be  reduced  somewhat  below  the  most  eco- 
nomical value,  and  a  corresponding  iucrease  made  in  the  height. 
For  use  iu  such  a  ca.'ie,  the  numerical  coefficients  of  equations 
'20  and  22  might  be  modified,  for  example,  so  as  to  make 

A  =.05  ii'',aud  ^=  112  ^'(^T.] 

VELOOITY   OF    H&XIHUH    URAUOHT. 

By  combiuing  Equations  27  and  28,  as  bef<jre,  and  plnciug  the 

differenliai   coefficient      .t-  equal   to   zero,    we   may    obtain   an 

equatioQ  which  determines  the  value  of  11'  or  the  weight  of  gas 
"lisoliai^ed  per  second,  which  will  make  the  draught  pressure  a 
nuiiimum  in  a  chimney  of  given  dimensions.  Performing  this 
operatioo,  and  reducing,  we  have,  as  a  close  approsimation, 

W=W'^,^^H{T,-T„\    ....     (32) 

■''*elet  Vj  represent  the  velocity  of  the  gases  at  the  bottom  of 
"'e  chimney,  the  volume  of  gas  delivered  into  the  chimney  per 
seeond  will  be  .4  Vi,  and  its  weight  will  be  the  volume  multiplied 

y  the  density ;  or,  as  the  density  is  equal  to  -^,-,  we  may  put 
'^  — fj,—'    and   substituting  this   value   in  Equation   32,  we 
*  Added  after  adjoummeDt. 
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obtain,  as  the  velocity  which  the  gases  should  have  at  the  be 
torn  of  a  chimney  in  order  to  produce  the  maximum  draught, 

F.  =  0.5//|'iZ-(7;-7'„) (3S: 


Inserting  the  values  of  C  and  Ciox  an  iron  stack,  we  obtain, 

ri  =  .28v^:H'(7;:^; (34; 

and  for  a  brick  stack  we  have 

Y,  =  \^^ll(T,-Ta)\ (35) 


showing  that  the  velocity  needed  to  produce  the  maximum  drangl 
in  an  unlined  iron  stack  is  about  twice  as  great  as  that  required  ii 
a  brick  stack. 

According  to  Equation  34,  the  velocity  of  maximum  draught  fo 
iron  stacks  would  ordinarily  lie  between  the  limits  of  6  and  1^ 
feet  per  second — depending  on  the  height  of  the  chimney  and  th< 
temperature  of  the  escaping  gas — while  for  brick  stacks  the  limit 
would  be  about  3  and  7  feet  per  second.  Our  previous  investigs 
tions  show,  however,  that  such  low  velocities  would  usually  be  tea 
ized  in  brick  stacks  only  when  working  below  their  econom 
capacity. 

TEMPERATURE  OF  MAXIMUM   DRAUGHT. 

One  of  the  problems  often  discussed  in  connection  with  t 
theory  of  chimneys,  is  that  of  finding  the  temperature  of  t 
escaping  gases  at  which  the  weight  of  gas  discharged  per  seco 
will  be  a  maximum.  In  order  to  ascertain  this,  we  may  combi 
Equations  2  and  4,  which  gives  us 

'^     \T,     X     i,t)U0^'7*    •    •    •    ^^^' 

3  600  W 
From  Equation  9,  we  have  BF=-'^ — ,  and  substituting  ti 

value  for  BF  in  Equation  7,  gives  ns 

If  we  now  place  these  two  values  of  P  equal  to  each  other,  a 
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|tW  make  tbe  differenliai  coefficient  -ly,-  equal  to  zero,  we  shall 


lnHiiii  BD  equation  to  determine  the  temperature  which 
I'lF.  Of  tbe  weight   of  gas  discharu;ed   j>er   second. 
■FetforffliDg  these  operations,  we  have 


(38) 


It  most  be  remembered  that  the  temperatures  T,  and  T^  are  to  be 
feckoDe^i  from  the  absolute  zero,  461  degrees  below  the  ordinary 
Wirenheit  xero. 

Iliaevident  from  the  last  equation  that  the  temperature  oFmaxi- 
fflnm  dniught  is  not  invariable,  but  depends  upon. the  dimensions 
of  tte  ohimney  and  furnace,  different  Tihimneys  working  best  at 
different  temperatures.  It  is  also  evident  that  this  temperature 
csn  never  be  as  low  as  that  given  by  Rankine's  formula  before 
teferreJ  to,  as  that  would  require  the  second  term  under  the  rad- 
*^  sign  to  be  equal  to  zero,  which  is  not  possible.  The  ordinary 
wines  of  the  temperature  of  maximum  draught  would  range  from 
1,000  to  2,000  degrees  on  the  common  Fahrenheit  scale — tempera- 
iDres  liigher  than  it  is  desirable  to  attain  in  chimneys. 

FOItCED  DBAraeT. 

^en  air  is  forced  under  the  grate  by  means  of  a  fan  or  steam 

}f%  tlie  resistance  of  the  bed  of  coals  docs  uof  need  to  be  overcome 
bythe  chimney  draught.  It  is  usually  desirabler  in  sucli  a  case  to 
M'e  a  chimney  of  sufficient  draught  to  overcome  the  resistance 
offered  by  the  combustion  chamber,  boiler-tubes,  and  flues ;  other- 
wise the  pressure  in  the  combustion  chamber  will  be  greater  than 
lliat  of  the  atmosphere,  and  the  hot  gases  will  tend  to  leak  out  of 
Me  furnace,  or  will  rush  out  whenever  the  fire-door  is  opened.  To 
design  a  chimney  for  use  with  forced  draught,  therefore,  it  is  only 
necessary,  in  computing  the  value  of  K,  or  the  coefficient  of  reslst- 
^te  for  tbe  furnace,  to  omit  the  first  two  terms  of  the  second 
"lumber  of  Equation  *5,  which  terms  correspond  to  the  pressure 
r^iuired  to  produce  the  entrance  velocity,  and  to  overcome  the 
rfsisUnee  of  the  fire-bed. 

This  omission  of  terms,  in  the  case  of  the  fnmace  of  which 
<liBietision8  have  been  given,  would  reduce  the  resistance  tobeover- 
'^o'lie  by  the  chimney  draught  to  about  six-tenths  of  its  original 
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value,  and  (by  Equation  22)  the  height  of  the  chimney  needed witt 
forced  draught  would  be  in  this  case  six-tenths  of  that  required  faa 
natural  draught  alone.  On  the  other  hand,  by  using  a  chimney  o 
the  same  height  as  for  natural  draught,  the  use  of  the  blast  ¥0q1< 
allow  the  temperature  of  the  escaping  gases  to  be  reduced  to  sii 
tenths  of  its  original  value  on  the  common  scale,  thus  effectinj 
]>erhaps  a  saving  of  fuel.  In  some  cases  the  diminution  in  tti 
vakie  of  K  would  be  greater  than  in  the  example  cited,  in  othe 
cases,  less.  , 

PROPORTIONS  OF  FURNACE,   FLUES,   ETC. 

In  proportioning  furnaces,  it  is  well  to  keep  in  view  the  obje< 
of  making  the  coefficient  of  resistance,  Ky  as  small  as  practicahii 
For  this  reason,  the  access  of  air  under  the  grate  should  be  < 
direct  and  free  as  possible,  the  tube  calorimeter  should  not  1 

excessively  contracted,  f -is  a  good  value,)  and  the  passages  le» 

ing  from  the  boiler  to  the  chimney  should  be  as  nearly  circuit 
as  possible,  smooth,  with  no  sudden  changes  of  cross  sectio 
sharp  bends,  or  currents  entering  at  right  angles.  The  same  ml 
used  to  determine  the  cross  section  of  the  chimney  may  be  a 
plied  also  to  the  horizontal  smoke  ilues.  A  damper  for  regulati] 
the  drauglit  should  be  placed  either  in  the  chimney  or  main  flr 
according  to  convenience,  and,  to  obtain  the  best  results,  sbou 
be  controlled  by  an  automatic  regulator. 

MATERIAL  AND  SHAPE  OP  CHIMNEYS. 

The  principles  developed  in  the  foregoing  discussion  indic< 
that  in  the  matter  of  draught  there  is  very  little  choice  between 
iron  and  a  brick  chimney,  the  more  rapid  radiation  of  heat  fr< 
the  former  being  in  a  considerable  degree  offset  by  the  grea 
frictional  resistance  and  liability  to  leakage  of  the  latter.  1 
question  as  to  which  material  to  use  should  therefore  be  sett 
generally  by  considerations  of  cost,  durability,  and  architectu 
fitness. 

In  regard  to  the  shape  of  cross  section  of  a  chimney  it  may 
said  that  the  circular  form  is  theoretically  the  best,  on  accoi 
of  economy  of  material,  and  as  offering  the  least  resistance  to  i 
]>assage  of  the  gases,  and  the  least  cooling  surface.  The  difi 
ence  between  the  draught  obtained  from  a  round  chimney,  and  tl 


THEORY  AND   DESIGN"   OF   CHIMKEl'S.  473 

bom  a  square  one  ot  the  same  height  and  sectional  area,  is,  how- 
tnt,  only  one  or  two  per  cent.,  and  brick  chimneys  may  frequently 
be  built  more  cheaply  in  the  aquaro  form. 

The  best  shape  for  a  cliimney  cap  is  probably  one  that  will  de- 
flect the  wind  upwurd,  thus  making  it  tend  to  help,  instead  of 
hindering,  the  draught. 

The  statement  is  sometimes  met  with  that  a  better  draugM  can 
b«  (Stained  if  the  chimney  in  not  made  uniform  in  its  inside  cross 
HfdioD,  but  tapering ;  some  contending  that  the  largest  diameter 
slioald  be  at  the  bottom,  others,  tliattlie  top  should  be  largest. 
Ici  new  of  the  fact  that  the  total  frictional  resistance  of  a  well- 
proprtioned  chimney  is  usually  leas  than  one-tenth  of  the  resist- 
Meeof  the  furnace,  and  in  view  of  the  very  slight  variation  that 
can  be  made  in  the  draught  by  a  moderate  change  in  the  cross  sec- 
tion of  the  chimney  throughout  its  whole  height,  it  is  apparent 
lliit  any  improvement  that  might  be  made  in  the  draught  by  taper- 
in^  the  chimney  would  be  almost  imperceptible ;  and  while  there 
might  be  no  serious  objection  to  the  tapering  foma,  its  advantages, 
ii  any,  would  certainly  not  warrant  any  additional  expense  iu  con- 
tlniction. 

la  eonclusion,  it  may  be  stated  that  the  formula)  in  this  paper 
hsTe  been  tested  by  comparison  with  the  results  obtained  in  a 
utmtber  of  actual  cases,  and  in  so  far  as  the  writer  has  been  able 
toobsen'e,  have  been  fairly  sustained  by  the  facts. 

•  DISCUSSION. 

Mr.  Geo.  H.  Bahcock* — This  paper  shows  commendable  zeal 
in  investigating  a  problem  which  cannot  be  too  well  understood, 
*Dd  it  develops  some  new  ideas.  Perhaps  the  most  novel  thing 
in  it  is  the  stated  relation  between  the  area  and  height  of  a 
stack  for  the  most  economical  construction.  If  reliable,  it  is 
Worth  knowing.  The  method  of  arriving  at  the  measure  of 
friction  in  the  stack  is  novel,  and  possibly  nearer  the  truth  than 
some  of  the  former  approximations.  Whether  the  result  is 
Worth  the  amount  of  figuring  necessary  to  apply  it  in  practice 
■Say  be  questioned,  however,  when  we  remember  how  small  a 
part  of  the  whole  it  constitutes.  Wiesbach  gives  it  as  5#.  The 
lormuhis  given  by  Mr.  Kent,  in  a  papert  read  before  this  Society, 
are  simple  and  convenient  for  use,  but  do  not  take  into  account 

*  Contributed  after  ndjourDmenl. 
+  Transactions,  Vol.  VI..  p.  81. 
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the  friction  of  flues  and  furnaces,  as  in  the  formulas  now  givdi 
by  Prof.  Gale.  But  we  are  met  at  the  outset  with  the  difficnlfc; 
that  all  such  measures  must  necessarily  be  more  or  less  ixi 
definite.  Every  fact,  however,  which  we  can  have  recorded  i 
valuable,  and  we  have  some  in  this  paper  worth  noting. 

Our  author  assumes  that  the  draught  of  a  chimney,  as  giv^ 
by  formula,  has  a  fixed  ratio  to  the  number  of  pounds  of  baL4 
which  can  be  burned  therewith,  without  taking  into  considerJ 
tion  the  many  other  controlling  elements,  as  area  of  grate,  kin 
and  character  of  fuel,  etc.  Now,  the  fact  is  that  the  formulas,  B 
usually  given  for  chimneys,  have  little  relation  to  that  point,  an 
cannot  have,  because  there  is  such  a  wide  difference  betweeJ 
fuels  and  the  conditions  under  which  they  are  burned.  I 
chimney  which  would  burn  a  given  quantity  of  "  buckwheat ' 
would  burn  more  "  lump "  anthracite,  still  more  bituminouf 
coal,  a  still  greater  quantity  of  wood,  and  a  vastly  greatei 
quantity  of  petroleum.  Again,  a  chimney  which  would  bun 
wood  or  coke  to  good  advantage  would  not  bum  fine  anthracifa 
at  all,  and  one  which  would  bum  bituminous  coal  freely  wouL 
not  suffice  for  culm.  Hence  this  question  is  necessarily  lei 
out  of  consideration  when  treating  of  chimneys  as  chimneys. 

But  Prof.  Gale  has  fallen  into  the  same  trouble  with  hi 
intricate  formula  which  he  found  with  the  old.  He  says  (p.  2) 
"  Some  writens  state  this  formula  as  if  it  were  a  matter  c 
indifference  in  regard  to  draught ;  whether  (other  things  remaii 
ing  the  same)  we  build  a  chimney  81  feet  high  and  8  feet  squai 
inside,  or  16  feefc  high  and  3  feet  square  inside,  the  produc 
A  ^H,  being  the  same  in  each  case.  The  16-foot  chimney  woul 
be  considerably  cheaper,  and  the  main  reason  why  it  is  not  pn 
ferred  is  that  practical  engineers  know  that  it  is  not  an  equivi 
lent  for  the  81 -foot  chimney."  Then,  after  he  has  evolved  a 
intricate  equation  (12)  to  avoid  this  very  objection,  he  saj 
(p.  11) :  "It  is  evident  from  an  inspection  of  this  equation  tha 
assuming  different  values  for  A^  the  sectional  area,  we  ma 
obtain  an  infinite  number  of  chimneys  of  different  height 
any  one  of  wliieh  wiJl  he  capable  of  doing  the  uvrk  required. 
He  also  objects  (p.  2)  to  the  assumption  that  the  area  < 
chimney  should  be  i  the  grate  area,  but  gives  instead  a  rul 
(p.  13)  that  "  the  cliimney  area  in  square  feet  should  equal  tl 
number  of  pounds  of  fuel  to  be  burned  per  minute."  Th: 
amounts   to  the  same  thing  when  the  rate  of   combustion 
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T.Blbs,  per  liour  per  square  foot  of  grate,  ami  aa  the  rate  of 
cuibiistioD  under  the  same  chimuey  varies  ureatly  with  the 
hnA  of  fuel,  I  fail  to  see  wherein  the  last  formula  is  any 
improTeinent. 

Bnl  tlie  principal  contention  in  the  pajrer  is  that  the  ordi- 
Barilj  received  formulas  for  chimney  efficienijy  are  wrong.  They 
ue  l)ased  on  the  Ton-icellian  theory  that  v  ~  ^^gh,  which  has 
tiMD  proved  correct  for  falling  bodies  and  the  flow  of  liquids. 
In  ftimneyi*,  however,  we  are  dealing  with  elastic  fluids,  and  it 
iias  bena  established  that  there  is  a  limit  beyond  which  they 
sppurantly  do  not  follow  the  same  law  as  incompressible  liquids ; 
it  it  can  be  shown  that  the  flow  in  cliimueyB  comes  outside 
that  limit,  then  it  may  be  assumed  that  the  formulas  are  wrong. 
Bnt  if  the  ordinary  formulas  are  wrong  in  this  respect,  those 
given  byProt  Gale  in  tliis  paper  must  be  equally  so,  because 
thev  have  as  their  basis  the  same  Tomceliian  formula.  But 
"hetber  right  or  wrong  is  a  matter  of  uo  consequence,  as  in 
boiler  practice  the  extremes  of  temperature  are  limited  by  con- 
aidetatioTis  of  economy  within  moderate  limits,  and  no  engineer 
»oiild  think  of  carrying  more  than  600"  up  his  stack  for  the  pur- 
pcwe  t>f  producing  draught,  even  if  that  were  not  the  limit  of 
rliiuiney  efficiency. 

Is  it  a  fact,  however,  that  Prof.  Gale  is  right  in  assuming  that 
the  formulas  for  the  maximum  discharge  of  air  from  a  chimney 
are  wrong?  These  formulas  assume  that  the  maximum  flow  of 
air  in  any  chimney  is,  as  stated  by  Bankine,  "  when  the  density 
of  the  hot  gas  is  one-half  that  of  the  external  air,"  which,  of 
course,  is  to  be  understood  as  independent  of  friction  either  in 
chimneys,  flues,  or  furnaces.  If,  however,  we  consider  a  chimney 
**  a  receiver  having  a  reduced  pressure  into  which  the  air  is 
flowing  from  the  atmospheric  pressure  without,  according  to  the 
*ell-known  law  of  elastic  fluids  first  discovered  by  Napier,  the 
inaxinuim  inflow  will  occur  when  the  internal  prestvre  is  one-half 
that  of  the  external ;  and,  if  there  was  no  reduction  of  density  from 
the  increased  temperature,  this  would  agree  with  the  rule  as 
stated  by  Ranbine,  when  the  chimney  was  of  the  same  height  as 
the  atmosphere.  But  there  is  a  rapid  decrease  of  density  by 
•he  action  of  the  same  heat  which  produces  the  decrease  of  press- 
■'fe,  requiring  the  velocity  of  exit  to  be  greatly  increased  over 
'bat  of  inlet — so  much  so  that  a  maximum  outflow  is  reached 
'•^ig  before  the  inflow  is  at  a  max.imum.     For  this  outflotv  Ban- 
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kine's  formula  is  correct,  when  the  inflow  is  untrammelled,  as  he 
supposed  it  to  be.    It  will  be  seen  that,  as  the  maximum  outflow 
is  at  half  the  density  of  the  external  air,  the  area  of  inflow  nuy 
be  reduced  to  one-half  the  area  of  chimney,  when  the  velodfywill 
be  the  same  as  at  the  exit.     If  reduced  below  this,  the  veJodtr 
of  influx  will  need  to  be  increased  by  further  increasing  the  head, 
in  order  to  attain  the  maximum  ;  and  practically  this  is  just  vhat 
Prof.  Gale  supposes  to  be  done  by  making  the  interstices  between 
the  coals  on  the  grate  so  few  and  small  that  the  effective  area  is 
less  than  half  that  of  the  chimney ;  and,  of  course,  the  tempera- 
ture of  the  maximum  flow  is  thus  raised  above  Bankine's  formtilA> 
This,  however,  does  not  prove  the  formula  wrong,  but  rather 
sustains  it.     A  practical  point  which  may  be  gained  by  this  dis- 
cussion is,  that  in  order  that  the  maximum  efficiency  of  a  chii^- 
ney  may  be  attained,  the  area  of  openings  through  the  fuelshoii* 
I)ractically  be  equal  to  half  the  chimney  area,  multiplied  by  ^ 
increase  of  volume  of  the  air  while  passing  through  the  fueL 

But  this  whole  question  of  efficiency  of  chimneys  is  not  amen^^ 
to  exact  analysis.    There  are  elements  always  present  which  o^ 
not  be  equated.    For  instance,  the  draught  will  always  be  affec?'^ 
more  or  less  by  the  wind  ;  generally — and  particularly  if  the  * 
is  of  a  proper  form — it  will  be  increased,  but  no  man  can  tell  t* 
much.     Again,  when  the  atmosphere  is  quite  still  the  heated. 
rising  fioni  the  chimney  will  add  an  unknown  and  unknown* 
amount  to  its  effective  height.     That  a  heated  column  witlr 
an  enclosing  chimney  is  effective  is  shown  by  every  fire  kincS 
in  the  oj^eu  air,  and  also  most  forcibly  by  our  whirlwinds  ^ 
cvclones.     Then  I  am  inclined  to  think  that  the  effect  of  infil*^ 
tion  of  air  through  the  brick  walls  of  chimneys  and  flues  ha» 
influence  which  we  have  not  generally  accredited  to  it.     To  tz 
is  doubtless  due  the  fact  that  iron  stacks  of  the  same  area 
more  efficient  than  brick  chimneys.     I  attach  little  importa  ' 
to  the  effect  of  radiation,  as  the   gases  are  usually  within 
chimney  only  from  one  to  five  seconds,  and  they  cannot  1— 
much  heat  in  that  time  bv  radiation  from  the  surface  of 
chimney. 

Pro/.  C.  H.  Peabi^hj. — In  the  discussion  of  this  paper  re 
ence  has  been  made  to  a  theory  of  chimney  draught  given 
Eankine,  Poclet  and  others,  as  though  it  were  the  only  thes 
that  has  been  proposed.     This  theory,  which  gives  a  maxinr::: 
draught  at  about  600   Fahr.,  was  first  proposed  by  Peclet  in — 
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wiier  works,  from  which  it  was  taken  by  RankiDe  ;  but  in  his 

liter  works  Ptclet  gives  another  theory,  which  does  not  give  a 

aiBiiuum.   There  does  not  appear  to  be  any  practical  advantage 

lor  one  theory  over  the  other. 
Prof. .}.  Biirkift  Weib.—My  attention  has  Ireen  called  to  a  criti- 

risiii  nf  Rankine  and  other  noted  authors,  in  a  paper  by  "PvoL 
(  Gale,  in  the  discnssiou  of  which  it  was  stated  that  one  correct 
1  wlntion  of  the  problem,  if  not  two,  is  contained  in  La  Cltnifitr, 
I  V  Pi'clet.  On  examination  it  appears  that  the  paper  is  based 
I  opoa  an  incoiTect  hypothesis,  and  that  the  only  solution  in  La 
f  Ckakiir  which  is  claimed  therein  to  be  correct  gives  the  same 

Iwult  as  does  Kankine. 
'     A  brief  comparison  of  the  solutions  will  illustrate  a  point  or 

(ifo  in  mechanics,  and  show  Kankiiie's  deep  mechanical  insight. 
InPe'clet's  solution  the  pressure  operating  to  produce  the  draught 
IS  fonnd  by  subtracting  the  weight  of  a  column  of  hot  air,  whose 
weight  is  that  of  the  chimney,  from  that  of  an  equal  column  of 
^(I  air.  The  height  of  a  column  of  air  which  will  give  this 
pressure  is  then  calculated,  and  the  velocity  reckoned  as  due  to 
tils  height — in  the  same  manner  as  tlie  velocity  of  water  issuing 
troDi  a  vessel  is  deduced  from  its  height  therein.  But  Feclet 
'^'''^itati'd  betwePD  representing  the  pressure  by  a  column  of  cold 
•IT  and  supposing  it  to  produce  the  velocity  with  which  the 
Cold)  air  enters  the  chimney,  and  representing  it  by  a  column 
f  hot  air  producing  the  velocity  of  the  (hot)  air  issuing  from 
lie  top  of  the  same. 

M.  Hudelo,  editing  the  last  edition  of  Feclet,  says  that  the 
lechanical  theory  of  heat  furnishes  us  the  means  of  deciding  be- 
ween  the  two  formulas,  and  his  analysis  leads  him  to  the  choice 
'f  the  column  of  hot  air ;  the  principles  of  thermo-dynamics,  how- 
■^w,  are  not  needed  to  show  which  formula  should  be  used,  the 
Principles  of  mechanics  known  to  Peclet  being  sufficient. 

If  the  velocity  be  calculated  by  means  of  the  column  of  cold  air, 
Je  total  pressure  available  to  produce  the  draught  will  be  appro- 
'■iated  to  the  production  of  the  velocity  of  the  entering  (cold) 
T,  and  nothing  will  remain  to  cause  the  increase  of  velocity, 
liich  must  accompany  the  increase  of  volume  when  the  air  is 
*ated  by  the  tire. 

Evidently  the  pressure  at  disposal  should  be  supposed  to  be 
^cupied  in  causing  the  final  velocity  of  the  (liot)  air  issuing  from 
ie  top  of  the  chimney,  unless  the  fire  can  be  supposed  respon- 
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sible   for  the  increase  of  velocity  as  weU  as   the    iuct 
volume. 

Now  it  is  a  principle  ia  mechanics  that  the  internal  foi 
free  body  (or  system  of  bodies)  cannot  affect  the  motioi 
centre  of  gravity  of  the  same  ;  and,  therefore,  when  an  elei 
mass  of  air  is  heated,  its  internal  expansive  forces,- acting 
in  all  directions,  can  have  no  effect  upon  the  velocity  of  th 
which  is  controlled  entirely  by  external  forces. 

While  it  is  true  that  the  fire  is  responsible  for  the  inci 
velocity,  and,  indeed,  for  the  whole  velocity,  it  causes  i 
iudirect  manner.  In  fact  the  fire  simply  keeps  the  clock 
up,  so  to  speak,  leaving  it  to  run  down  under  the  control  ( 
ity  alone. 

In  refreshing  contrast  to  the  analysis  in  the  last  edi 
Peclet,  with  its  thermo-dynamic  mistiness  and  approzin 
is  the  clear  and  simple  treatment  in  Hankiue's  Steam 
some  pi^es  before  the r mo-dynamics  is  reached.  While  F 
referred  to,  the  analysis  is  given  in  Bankine's  own  way. 

The  question  of  head  is  disposed  of  in  the  following  wi 

"The  formula  {just  given)  enables  the  velocity  P^to  I 
puted  when  the  head  N  is  given. 

"  The  head  iV  is  espressed  in  feet  in  heijM  of  a  column  oj 
gas  in  the  cltimnq/. 

"  The  head  may  be  produced  in  three  ways : 
"I.  By  the  draught  of  a  chimney. 
"  II.  By  a  blast-pipe. 

"  III.  By  a  fan  or  other  blowing  machine. 

"  I.  The  head  produced  by  the  draught  of  a  chimney  it 
alent  to  the  excess  of  the  weight  of  a  ' 

J  column  of  cool  air  outside  the  chimney, 

the  same  height,  above  that  of  a  vertical 
J         of  equal  base,  of  the  hot  gas  within  the  cti 
and,  when  expressed  infect  of  hot  gas,  it  l 
by  computing  the  weight  of  a  column  of  i 
external  air  as  high  as  the  top  of  the  chii 
above  the  grate,  and  one  foot  square  in  tl 
\5JJ?/r    dividing  by  the  weight  of  a  cubic  foot  of 
'  ^  gas  for  the  height  of  an  equivalent  columi 
Kio.  103.         gas,  and  subtracting  the  former  height  fi 
latter." 
Fig.  103  illustrates  Bankine's  conception.     CD  is  the  e! 


THEORY   AND   DESIGN   OF   CSIMNEV8. 


479 


brhose  di-au^ht  is  to  be  found.  DE  is  a  Bupposed  extension,  of 
fBacli  height  that  the  column  of  hot  gas  EC  exerts  the  same 
ptesaure  per  square  foot  as  the  column  of  cold  air  AB. 

If  the  outlet  at  F  is  closed  the  column  of  hot  gaa  balances  J 
statically  that  of  cold  air ;  but  if  F  is  open  the  hot  gas  flows  1 
i>ut  under  the  head  ED,  and  if  the  air  is  supplied  at  A  the  flow 
(rill  be  from  .1  to  F. 

Vb  the  atmospheric  pressure  is  the  same  at  A  and  F  it  can 
omitted  entirely  from  the  problem. 

Peclet  starts  with  the  supposition  of  a  fire  outside  to  warm  the 
r  passing  from  B  to  C\  so  that  the  chimney  contains  air  alone ; 
FBankine  supposes  hot  gas  in  the  chimney,  but  his  analysis  applies 
I  equally  to  hot  air. 

A  model  could  be  made  to  illustrate  this  action  in  a  tube  of 
I  the  same  form,  ABODE.  Let  water  be  supplied  at  A,  and 
I.  let  a  jet  of  air  be  blown  in  at  right  angles  to  the  current  between 
l£  aud  V  with  sutiicient  force  to  mix  thoroughly  with  the  water. 
lln  AB  there  will  now  be  solid  water  and  in  CE  a  lighter  mis- 
■inre  of  water  and  air,  which  will  rise  to  a  height  DE  above  the 
•  water-level  at  A  when  the  mixture  is  properly  proportioned, 
LflO  that  the  issuing  Telocity  at  F  will  be  that  due  to  the 
I  Iwaa  DE. 

Thermo-dynamics  may,  however,  be  legitimately  brought  into 

I  the  problem,  for  it  must  be  evident  that  the  density  of  the  hot 

9  will  not  be  the  same  at  all  parts  of  the  chimney,  and,  to  get 

rtkt  the  weight  of  the  column,  some   average   density  must   be 

wumed  or  the  law  of  its  variation  must  be  obtained  upon  ther- 

BO-dynamic  principles.     The  former  method  is,  however,  snf- 

oiently  accurate  for  all  purposes. 

Itaakiue  knew  that  thermo-dyuamics  was  not  needed  in  the 
roblem,  and  he  appreciated  fully  the  importance  in  every 
problem  of  seeing  clearly  the  exact  bearing  of  the  different 
principles  of  mechanics  upon  the  subject, 
and  of  making  use  of  such  as  lead  to  the 
simplest  and  most  reliable  conclusions. 

I  am   accustomed   to  use  the  following 

illustration  of  the  independence  of  internal 

I^HkI  external    motions   with   my   class   in 

Wobamce:   Suppose   a   car  (Fig.  104)   to  ■ 

i^ve  mounted  upon  it  a  fly-wheel,  on  the 

aft  of  which  a  rope  is  coiled.     The  rope  is  pulled  in  a  direc- 
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tion  parallel  to  the  track  with  a  constant  force  of  100  lbs.  A 
difference  will  it  make  in  the  motion  along  the  track  wh€ 
the  fly-wheel  is  free  to  turn,  or  whether  it  is  blocked  so  tli 
cannot  turn  ? 

The  principle  of  momentum  solves  the  problem  at  once,  fo 
have  only  to  consider  that  the  car  and  fly-wheel  together  consti 
a  body  free  to  move  horizontally,  and  that,  so  far  as  motion  a 
the  track  is  concerned,  it  is  a  matter  of  indifference  whether  1 
are  also  internal  motions  or  not.  The  100  lbs.  will  produce  a  li 
momentum  of  100  each  second  (neglecting  friction)  whether 
fly-wheel  is  free  to  turn  or  not,  so  that  the  motion  of  the  car 
be  the  same  as  though  the  rope  were  fast  to  the  car  itself. 

If,  on  the  other  hand,  the  problem  be  to  find  how  much  ^ 
the  force  does  in  each  case,  account  must  be  taken  of  the 
that,  when  the  fly-wheel  is  blocked,  the  100  lbs.  moves  over 
same  space  as  the  car,  while,  with  the  fly-wheel  free,  it 
move  over  an  additional  space  due  to  the  rope  unwinding : 
the  axle.  The  simple  principle  of  momentum  used  abo^ 
now  no  longer  sufficient,  and  the  angular  momentum  of  the 
wheel  must  be  found,  and  the  work  done  in  rotating  the  \« 
added  to  that  done  in  moving  the  car  and  wheel  along  the  t 

I  propose,  at  the  next  meeting  of  the  Society,  to  pres^ 
paper  analyzing  the  thermo-dynamic  solution  in  Peclet,  w 
can  hardly  be  considered  as  a  rigorous  proof  of  the  fori 
inasmuch  as  it  departs  considerably  from  the  actual  condi 
of  a  chimney  and  does  so  in  a  way  not  likely  to  be  not 
This  makes  it  necessary  to  show  that  such  departure  inv< 
no  essential  error.  What  proof  it  does  contain  is,  moreo\ 
repetition  of  previous  analysis,  and  therefore  superfluous. 

Prof.  J,  E,  Denkm, — Eeferring  to  the  foot  of  the  eighth 
of  his  paper,  Mr.  Gale  states  that  no  necessary  relation  is  I 
by  the  velocity  in  the  chimney  to  that  in  the  fire  grate 
tubes.  This  is  true  ;  but  as  soon  as  this  relation  is  detern 
upon,  as  it  must  be  for  any  given  plant,  there  is  a  fixed  rek 
except  for  the  element  of  temperature.  This  being  so,  i 
term  in  equation  (6)  will  be  expressible  in  terms  of  the  vel 
in  the  chimney,  and  the  temperature  of  the  latter  times  a  s 
of  constants.  Hence  the  total  head  or  pressure  to  produc 
draught  will  be,  as  given  by  Rankine  and  Peclet, 

Pr-f  P=  ^'^'(^+/^  +  r,  etc.) 
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n,  fi,  y,  etc.,  are  eoustants  represeuting  the  combined  eon- 
ftimts  for  temperature  and  velocity  respectively.  Any  one 
term  may  be  isolated,  like  P^  as  has  been  done  by  the  author  in 
eqa&tions  (3)  and  (4).  Placing  these  equations  equal  to  each  other, 

we  have  (F'  =  «■  y^ .     Now  the  value  of  P  =  AV,  equation  {!), 

shoolti  give  rise  to  a  precisely  similar  relation,  but  Mr.  Gale  has 

left  out  ot  this  equation  the  value  of  the  variable  temperature, 

ubich  is  eqnal  to  T,  times  a  series  of  constants,  as  in  (X.),  the 

snia  ai  which  is  represented  in  K.     We  should  have,  therefore, 

tliat  the  resistances  represented  by  K  are  also  controlled  by  a 

V 
relation,  fl'^"  „,p 

If,  therefore,  the  temperature  T,  was  properly  involved  in  equa- 
tion (37)  we  should  have  the  whole  draught  subject  to  the  relation 

B^  «^^  whence  TV  «y'-. 
But  r=V?+f7.  a°<i  by  equation  (2)  P  +  Pf  =  «  //^H  -^  -  lY 

■ffhenoe  W a  ^^  ^'L'~ '^"^     If  in  this    }l   is  called   0.96,  the 

BWiimura  value  of  W  is  identical  with  that  in  Eanklne's  Steam- 
Ungine  and  in  Peclet  (edition  1878,  Vol.  I.,  art.  544),  the  result 
Iwing  that  the  draught  is  a  maximum  at  about  the  temperature 
of  melting  lead. 

Facts  regarding  chimneys,  such  as  Mr.  Gale  makes  the  bases  of 

his  formulas  (p^es  2, 8  and  1 1),  are  greatly  needed  to  render  the 

^object  available  to  formulas,  and  he  should  give  them  in  full 

^^  be  has  observed  them,  if  possible.     It  is  to  be  regretted  that 

^*^G  undoubted  mathematical  ability  of  the  author  has  not  had 

^ore  extensive  facts  upon  which  to  base  constants.     Peclet — 

■^^m  whose  work  all  formulas  for  draught  originate — had  very 

J^eagre  facta  to  deal  with  ;  but  Peclet  admits  that  practice  can 

^'^  better  with  empirical  formulas  than  with  the  mathematical 

*^*>es,  until  more  facts  or  data  are  obtained.    Mr.  Gale,  with  less 

^«.ta  than  Peclet,  asks  practice  to  be  guided  by  formulas  con- 

^'■^Serably  more   intricate  than  those  which  Peclet  pronounces 

*^ther  impractical. 

Mr.  Kent's  formula  for  chimneys.  like  many  others,  is  quite  sat- 
***factory  for  practice  in  general ;  but  it  does  not  distinguish  as  to 
tlietrue  origin  of  the  resistances,  the  greatest  of  which  is  the  grate. 
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Mr.  Gale's  paper  is  valuable  in  emphasizing  this  point. 

Prof.  Peabodv's  remark  makes  me  recall  that  there  is  such 
solution  as  he  describes  in  Peclet's  treatise,  in  which  the  prii 
ciples  of  tbermo-dynamics  are  applied  to  the  flow  of  gas  in  a  chin 
ney,  as  if  the  latter  were  a  tube.  The  subject  is  so  rough  a  om 
however,  from  a  mathematical  standpoint,  that  Bankine's  formuli 
are  quite  as  practicable  as  any  mathematical  treatment  need  b 

On  refreshing  my  acquaintance  with  Peclet,  I  find  that  tl 
thermo-dynamic  solution  therein  is  the  one  which  gives  the  sac 
temperature  for  maximum  draught  as  given  by  Bankine.  (8 
Vol.  I.,  pp.  539-40.  i* 

I  hope  Mr.  Gale  will  especially  add  to  his  paper  an  acccu 
of  the  cases  which  he  has  observed  which  prove  that  chimis 
temperatures  in  excess  of  600°  cause  increase  of  draught.  Theo 
must  always  give  way  to  facts  derived  from  observation,  8^ 
in  a  matter  so  very  difficult  of  observation,  as  is  the  increase 
draught  due  to  changes  of  temperature  and  not  to  differences 
obstruction,  we  should  have  the  facts  in  full  detail 

Prof,  H.  B.  Gale,\ — The  author  wishes  in  conclusion  to  pres^ 
a  few  points  in  answer  to  the  various  criticisms  which  J 
effort  has  called  forth.  The  objections  may  be  best  disposed^ 
by  considering  them  separately,  in  their  order. 

Mr.  Babcock,  after  alluding  to  the  author's  "method  of  anr 
ing  at  the  measure  of  friction  in  the  stack"  as  "novel,  and  pc 
sibly  nearer  the  truth  than  some  of  the  former  approximation! 
questions  "  whether  the  result  is  worth  the  amount  of  figuri 
necessary  to  apply  it  in  practice,"  etc.  The  ground  of  objecti 
here  seems  hardly  well  chosen,  inasmuch  as  no  "  figuring  " 
all  is  necessary  to  apply  it  in  practice.  A  careful  reading  of  i 
paper  should  have  shown  that  in  passing  from  equation  12 
equation  15  to  find  the  most  economical  height  for  a  chimnc 
the  expression  for  friction  in  the  stack  reduces  to  a  consta 
factor,  whose  value  is  included  in  the  coefficient  100,  in  equ 
tion  22.  In  this  respect,  indeed,  the  latter  formula  has  the  a 
vantage  over  those  of  Mr.  Kent,  which  are  recommended 
"  simple  and  convenient  for  use,"  in  that  his  formulas  do  requi 
a  special  calculation  for  the  purpose  of  accounting  for  the  el 
ment  of  chimney  friction.  The  calculation  is  "  simple  "  enoug 
to  be  sure,  but  as  its  sole  basis  is  the  arbitrary  assumption  th 
the  retardation  of  velocity  due  to  friction  against  the  walls  " 

*  Added  since  the  meeting.  f  Author's  Closure,  aoder  the  Kales. 
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quftl  to  a  layer  of  Jiir  two  inches   thick  over  the  whole  interioi 

surface,"*  it  has  a  somewhat  remote  chauce  of  being  correct.    Inl 

Iregard  to  the  treatment  of  the  matter  of  friction  in  the  stack  in 

l-ihis  paper,  the  only  "  novel "  feature  consists  in  determining  the 

"coefficient  of  friction  by  direct  measure inents  upon  chimneys 

with  the  draught  f^aupe,  instead  of  relying  npon  values  deduced 

from  laboratory  experiments  on  small  tubea,  as  has  been  gen-   ■ 

erally  done.     The  espresaiou  for  P^  in  the  paper  may  be  derived 

from  either  of  the  expressions  given  respectively  by  Kaukine, 

Peclet,  and  Weisbach,  merely  by  making  the  requisite  changes 

in  notation.     For  example :  in  Article  233,  page  287,  of   The. 

Steam  Enyiite,  Bankine  expresses  the  "  head  "  reyuired  to  over- 

oome'friction  in  the  stack  by    —  y—j  where  u  is  "  the  velocity 

C  of  the  current  in  the  chimney"  (corresponding  to  V  m  the 
Ipaper),/i3  a  cnnstant,  '  is  the  length  of  the  chimney  (here  de- 
I  noted  by  H),  and  m  is  "its  area  divided  by  its  perimeter,"  or, 

I  in  the  notation  of  this  paper, 


.1/' 


tation,  Rankine's  expression  becomes 


Making  these  changes  in  e 
V  JHM 


On  the  same 


,and  massing  the  constants  into  one  term,  f,  we 


page  in  The  Stcitm  Engive  we  have  Bankine's  statement  that  tha 

head  "may  be  converted  into  an  equivalent  pressure  in  pounds 

on  the  square  foot  by  multiplying  by  the  density  of  the  chimney 

40 
."     Therefore,  representing  that  density  by  „ ,    we   obtain 

4tif  MHV  ^ 
"2?     T,. 

lave  equation  3  of  the  pajier.  The  value  of  the  coefficient  of 
friction  in  the  stack,  as  directly  measured  by  the  methotls  de- 
Bcribed  in  this  paper,  is  about  SOr*'  greater  than  the  value  "  esti- 
Lmated"  by  Peclet  for  "sooty  surfaces,"  and  quoted  by  Bankine 
fin  the  article  referred  to;  a  closer  agreement  than  would  be  ei- 
woted  under  the  circumstances. 

The   next   criticism   charges   me   with    assuming   that  "the 

draught  of  a  cliimney  as  given  by  formula  has  a  fixed  ratio  to 

the  number  of  pounds  of  fuel  which  can  be  burned  therewith, 

b  without  taking  into  (consideration  tlie   many  other  controlling 

R^lements,  as  area  of  grate,  kind  and  character  of  fuel,  etc." 

A  glance  at  the  paper  will  show  clearly  what  nssnmptionB  a 
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really  made  on  this  point,  and  that  the  "  controlling  elements " 
mentioned  have  not  been  neglected.  Under  Design  of  Chimtwi 
to  do  Given  Worky  we  find  "  the  number  of  pounds  of  coal  which 
can  be  burned  per  second  on  a  given  grate  is  equal  to  the  weight 
of  air  forced  through  [i,  e.,  the  draught]  divided  by  the  niun- 
ber  of  pounds  of  air  required  for  the  combustion  of  a  pound  of 
coal  under  the  given  conditions^  It  is  recognized  that  differex! 
furnaces  and  grades  of  fuel  require  different  ratios  of  weight  c 
air  supplied  to  weight  of  coal  consumed,  and  this  variable  ratn 
is  represented  by  a  factor  B^  which  is  carried  through  to  eqiai 
tion  21.  According  to  the  excellent  treatise  on  Steam  alre&d, 
referred  to  the  value  of  B  may  vary  between  the  limits  12  am 
29,  though  the  extreme  values  are  rarely  approached  in  gooc 
practice  ;  but  it  is  not  assumed  in  the  paper  to  be  ''  a  fixed  ratio.' 
In  equations  22  to  25  the  value  21  is  used  as  an  average,  bat 
following  that  is  the  statement  that  "  in  cases  where  the  number 
of  pounds  of  air  supplied  per  pound  of  fuel  differs  much  from 
the  ordinary  steam-boiler  practice,  we  should  go  back  to  equa- 
tion 21,  which  takes  account  of  these  factors^ 

As  to  the  other  ''  controlling  element "  mentioned,  vtz.,  the 
"  area  of  grate,"  it — or  rather  the  area  of  graie  opening^  which  is 
the  more  important  feature  as  regards  the  draught — ^has  been  not 
only  "  taken  into  consideration,"  but  appears  as  a  factor  a  in 
every  formula  given  by  the  author  for  the  height  of  chimney  oi 
the  weight  of  fuel  consumed. 

Now  as  to  whether  or  not  I  have  "  a  wrong  conception  of  the 
application  of  the  ordinary  formula."  The  only  application  made 
of  it  in  the  paper,  on  which  the  charge  must  be  based,  is  in  the 
second  section,  where  the  equation  F=  CA^/Tl  is  cited  ^*as  ai 
illustration"  of  the  formulas  derived  from  the  coQimon  theory 
Here  F  is  the  number  of  pounds  of  fuel  that  can  be  burned  pei 
hour,  H  the  height  and  A  the  area  of  the  chimney,  and  C  a  con- 
stant. An  equation  of  this  form  is  given  by  Weisbach,  bj 
Robert  Wilson  in  his  work  on  Boiler  and  Factory  Chimneys^  bj 
Prof.  C.  A.  Smith  in  his  Boiler  Practice^  in  Nystrom's  Me- 
chanics, in  HaswelFs  Encjineers'  Pocket  Book,  and  in  a  more  o] 
less  modified  shape  by  numerous  other  authorities,  and  will  be 
allowed  to  be  a  fair  illustration.*  Some  writers — among  them  Mr 


*  Du  Boib'  Translation  Weisbacli's  Mechanics,  Vol.  II.,  p.  194 ;  Boiler  CHm- 
neys,  Wilson  [London,  1877];  Smith's  Bailer  Practice,  p.  20;  Nystrom's  Me- 
chanics, Ed.  1882,  p.  423  ;  Haswell's  Engineers*  Pocket  Book,  Ed.  1»85.  p.  748. 
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cock,  who,  in  Steam,  has  adopted  Mr.  Keut's  formula — give 
"horse-power"  of  the  chimuey  instead  of  the  nimiber  of 
auda  of  coal  burned  per  hour;  but  the  principle  is  the  same, 
the  horse-power  in  these  cases  is  rated  on  the  basis  of  the  oom- 
uatinn  per  hour  of  a  fixed  weight  of  fuel.*  Mr.  Babcock,  follow- 
sgMr.  Kent,  further  modi&es  the  equation  by  using,  instead  of 
Ihearea  A,  what  he  is  pleased  to  call  the  "  eflfective  area,"  ob- 
tained by  subtracting  the  equivalent  of  "  a  layer  of  air  two 
inclifB  thick  "  as  allowance  for  friction.  He  rates  a  horse-power 
at  5  Iba.  of  coal  per  lioor,  and  makes  the  power  of  the  chimney 
=  3.33£'VA,  where  Eis  the  "effective  area"  and  h  is  the  height. 
1  rabinit  that  all  these  formulas  are  open  to  the  serious  objec- 
tion  of  pnrporting  to  give  either  the  horse-power  of  a  chimney 
W'the  numlier  of  pounds  of  fuel  which  can  be  burned  there- 
with, without  taking  into  consideration  the  many  other  control- 
ling elements,  as  area  of  grate,"  etc.  Indeed,  in  the  article  by  my 
critic,  which  assumes  to  give  rules  for  the  design  of  chimneys, 
no  mention  whatever  is  made  of  the  "  area  of  grate,"  and  the 
Wider  is  left  to  infer  that  it  has  no  bearing  on  the  problem  !  It 
appears  to  the  writer  that  a  formula  which  goes  out  of  the  way 
iQ  an  attempt  to  taka  into  account  the  small  element  of  friction 
I  in  tile  stack,  and  then  "  necessarily  leaves  out  of  consideration  " 
Hut  our  critic  has  called  the  "  L-oiitmUiiig  elements,"  had  bet- 
*r  not  be  given,  as  it  is  certain  to  mislead  whenever  applied  to 
wnditions  differing  from  the  average. 

The  nest  argument  (see  paragraph  beginning:  "But  Prof, Gale 

•>&&  fallen  into  the  same  trouble  with  his  intricate  formula  which 

te  found  with  the  old,"  etc.)  may  be  answered  by  simply  asking 

•nose  who  are  interested  to  compare  equation  12  of  tlie  paper,  to 

"■hich  my  critic  refers,  with  the  equation  F  =  CA  V'H.     t  think 

they  will  be  found]  as  essentially  unlike  as  my  rule  that  "  the 

chiinney  area  in  square  feet  should  equal  the  number  of  pounds 

**'  fuel  burned  per  minute  "  is  unlike  the  old  rule  which  makes 

''  "i  of  the  grate  area  "  for  all  rates  of  combustion.     On  the  lat- 

^''  point  Mr.  Babcock  observes  that  the  new  rule  amounts  to  the 

*lie  thing  as  the  old  "  when  the  rate  of  combustion  is  7.5  lbs. 

r®'"  hour  per  square  foot  of  grate."     This  is  true  ;  and  he  might 

*^Q  said  also,  with  equal  truth,  that  when  the  rate  of  combus- 

^H  is  thirty  pounds  per  square  foot  per  hour,  it  amounts  to 

5^te  a  different  thing.     The  formulas  for  chimney  area  here 

•  S*o  Mr.  Kant's  pitper,  Tranmcfioaa.  Vnl.  VI.,. p.  82, 
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presented  are  based  on  the  assumption  that  the  quantity  of  { 
which  a  chimney  has  to  discharge  is  proportional — ^roughly, 
course — to  the  quantity  of  coal  burned,  and  not  to  the  area  of  t 
grate  on  which  it  is  burned  ;  and  that  consequently  a  chinui 
which  is  designed  for  free-burning  bituminous  coal  needs 
larger  cross  section  for  the  same  grate  area  than  one  designed 
burn  anthracite  slack. 

The  remarks  upon  the  theoretical  formula,  v  =  ^^U^  app 
cable  to  the  flow  of  incompressible  fluids  through  frictionl* 
orifices,  are  entirely  beside  the  question — first,  for  the  evid« 
reason  that  a  fire  grate,  furnace  and  chimney  do  not  con: 
tute  a  frictionless  orifice,  or  anything  like  it;  and  seco 
because  the  deductions  in  the  paper  are  not  based  upon  this  £ 
mula,  as  the  critic  supposes,  but  instead  are  based  on  the  exjm. 
iiientnl  law  that  the  frictional  resistance  to  the  flow  of  a  gaa 
proportional,  approximately,  to  its  density  and  to  the  square 
its  velocity  (see  section  on  Detenuinaium  of  licsistanre  of  Furna 
The  only  place  in  the  paper  where  the  formula  t*  =  v2a? 
applied  is  in  the  approximate  calculation  of  the  coefficient 
resist<ance  for  the  furnace,  A'  (equation  6),  where  the  express: 
2f/  ap])ears  in  two  terms,  which  are,  however,  relatively  so  sm 
that  they  may  be  omitted  without  seriously  affecting  the  resi 

The  discussion  of  the  temperature  of  maximum  draught 
the  same  member  is  prefaced  by  the  statement  that  it  is  a  m 
ter  of  no  consequence,  "  as  in  boiler  practice  the  extremes 
temperature  are  limited  by  considerations  of  economy  witl 
moderate  limits,"  etc.  He  has,  nevertheless,  thought  it  a  mat 
of  sufticient  consequence  in  boiler  prjictice  to  devote  some  spt 
to  it  in  a  treatise  of  his  own,  where,  as  the  final  result  of  t 
investigation,  it  is  stated  that  in  the  work  of  combustion  **  prj 
tically  nothing  can  be  gained  by  carrying  the  temperature  of  t 
chimnev  more  than  350    above  the  external  air  at  60^."     As  tl 

ft/ 

statement  is  not  based  upon  experience,  being  simply  a  logi< 
deduction  from  tlie  common  tlieorv'  of  draught,  it  might  hs 
been  safer  to  say  "  fhoirfirnllu  nothing  can  be  gained,"  etc. 
point  of  fact,  temj)eratures  above  this  limit  are  more  common 
boiler  chimneys  throughout  the  United  States  than  lower  te 
peratures  ;  wlie^re  coal  is  cheap  (500'  and  over  is  not  unusual,  a 
while  the  practice  is  often  indefensible  on  grounds  of  econon 
prfwtinilly  the  higher  teui])eratures  do  give  a  noticeable  increi 
in  the  rate  of  combustion,  or,  what  amounts  to  the  same  thi 
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ire  an  equally  liigh  rate  with  a  chimuej  of  less  height.*     But 

^^reii  were  it  admitted  that  iu  " toiler   practice"  the  chimney 

temperatiii-e  should  never  exceed  360',  the  inference  that  the 

discussion  of  higher  teuipeuatures  is  a  matter  of  no  consequence 

would  still  be  a  now  seijinliir,  as  chiinueya  are  used  for  other  pur- 

,  for  some  of  which  temperatures  as  high  as   1,000    are 

nployed. 

Passing  to  the  question,  "Is  it  a  fact,  however,  that  Prof. 
Gale  is  right  iu  nssuming  that  the  foi-mulas  for  the  maximum 
discharge  of  air  from  a  chimney  are  wrong?"  Mr.  Babcock 
p  informs  us  that  the  common  formulas  are  "  to  be  understood  as 
^.pendcHi  of  Jnctiim,  either  in  chimneys,  flues  or  furnaces ; " 
again,  '■  lianldne's  formula  is  correct  w/ieii  the  irtfiow  is 
*  •vntrammt^hd,  as  he  supposed  it  to  be."  With  tliis  rather 
important  proviso  I  am  quite  willing  to  admit  it  to  be  correct, 
althougl)  Kaukiue  says  nothing  about  any  such  proviso.  Now, 
H  -in  view  of  the  fact — admitted  by  Raukine  himself — that  from  92 
E>  96*  of  the  whole  draught  jiower  of  a  chimney  is  employed  in 
rercoming  frictioual  resistances,  it  may  fairly  be  asked  how  a' 
^formula  derived  "independent  of  friction"  can  possibly  be 
otherwise  than  "  wrong  "  ?  And  when  it  is  cousidered  that  at 
least  ij  of  this  resistance  is  usually  encountered  in  the  fire  grate 
and  boiler  flues,  is  it  not  evident  that  the  inflow  to  a  chimuey 
can  hardly  be  described  as  "untrammelled"?  Mr.  Babcock 
mlmits  that  iu  oertaiu  oiises  "  the  t«mpenitm-ti  of  the  maxi- 
mum flow  is  raised  above  Bankine's  formula,"  but  adds  that 
"  this  does  not  prove  the  formula  KTong."  If  he  prefers 
the  word   "  inapplicable,"   it  will   serve   the    purpose   equally 

wXa  excuse  for  neglecting  in  his  chimney  formulas  "  the  fric- 
lon  of  flues  and  furnaces,"  ray  critic  pleads  the  "  difficulty  " 
that  such  measures  are  necessarily  inexact.  Because  a  quan- 
tity cannot  he  determined  with  precision  is  it  best  to  ignore  it 
entirely,  especially  when  it  constitutes  the  main  part  of  the 
!Oblem  ?  To  put  the  case  in  a  nutshell :  According  to  the  for- 
'  *^2<fh,  tliP  velocity  imparted  to  a  current  of  air  at  400" 
ilir.  by  a  head  of  J  of  au  inch  of  water  would  be  about  60  feet 
per  second  T}ie  actual  velocity  of  the  gas  in  a  chimney  at  that 
temperature,  with  the  draught  gauge  showing  a  head  of  J  an 
•  Sfe  vlracnViii  HarMuinl.  Ui-c.  26,  1988,  Cot  IntereBiiug  cianiplea  by  W.  E. 
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mch,  is  usually  between  6  and  15  feet  per  aeoopd.  Now,  thi 
difference  of  from  75  to  90*  is  due  mostly  to  frid,um,  and  \ 
of  that  friction  is  in  tlie  fire  grate  Eind  flu(«s.  Jt  would  se 
the  ordinary  person  that  this  is  an  element  of  sufficient  c 
quence  to  merit  some  attention. 

The  next  point — that  the  draught  of  a  chimney  is  liable  to  1 
increased  by  the  wind,  etc.^ — while  not  disputed,  has  no  bearic 
on  the  design  of  a  chimney  (except,  as  stated  in  the  paper,  in  r 
gard  to  the  form  of  the  cap),  as  the  chimney  should  be  desiguedS 
to  give  sufficient  draught  when  the  wind  is  too  light  to  affect  i 
appreciably.  At  other  times  the  damper  will  take  care  of  th^ 
increase. 

Lastly,  as  to   the    effect  of  infiltration   of  air   through 
walls   of  brick    chimneys   and   the    small    effect   of    radiatioi 
from  iron  ones,  the  author  is  very  glad  to  Ije   sustained  in  his 
position  by  an  engineer  of  the  standing  and  experience  of  Mr.^ 
Eabcock. 

Prof.  Webb's  comparison  of  the  two  "solutions"  offered  1 
Ptclet  for  the  theoretical  velocity  of  a  column  of  air,  and  him 
graphic  description  of  Bankine's  conception,  are  very  clear  and 
ingenious  ;  but  the  bent  tube  pictured  in  Fig.  103  hardly  repre- 
sents the  conditions  of  a  boiler  furnace,  and  when  the  frictional 
resistance  of  the  fire-grate  and  flues  also  is  omitted,  the 
blance  of  the  assumed  problem  to  the  practical  one  becomei 
still  more  remote.     Nothing  could  be  more  apt  than  the  illuB- 
tration  of  his  own  method  furnished  by  his  solution  of  the  prob- 
lem of  ear  traction  ("  neglecting  friction  ").     The  question  as  \ 
which  of  Pikelet's  theories  is  correct,  is  like  an  inquiry  whether! 
an  engineer  would  come   nearer  to  the  real  force  required  1 
pull  a  cable  car  if  ("neglecting  friction")  he  assumed  the  ropafl 
to  be  attached  to  the  car  body,  or  to  the  hub  of  a  wheel  mounte 
thereon.     On  this  question,  the  safest  ground  seems  to  be  thai 
taken  by  Prof.  Peabody,  that  "  there  does  not  appear  to  be  an^l 
practical  advantage  for  one  theory  over  the  other." 

As  Prot  Webb  has  not  touched  upon  the  main  problem  of 
chimney  draught,  further  comment  upon  his  discussioQ  is 
unnecessary  ;  but  it  may  be  hoped  that  in  his  future  treatment 
of  the  subject  by  thermo-dynamics,  he  will  not  neglect  the 
"  controlling  elements." 

In  the  mathematical  discussion  of  Prol  Denton  he  appears  to 
have  discovered  the  real  point  at  issue  between  the  common 
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leory  and  that  advanced  in  the  paper — to  wit.  tlie  method  of 
llcnlating  the  resistance  of  the  furnace.  Since  the  greater  part 
it  the  work  of  the  draught  is  in  overcoming  this  reaistance,  its 
ieter ruination  is  the  most  important  problem  in  the  theory  of 
(himaeva ;  and  this  member,  as  the  only  one  of  the  critics  to 
tcndLnpon  the  subject,  Ib  entitled  to  the  author's  gratitude,  al- 
ttiODgb,  in  trying  to  elucidate  the  point,  be  falls  into  the  same 
tnpin  which  most  writers  have  been  caught,  and  succeeds  only 
ia  emphasizing  their  blunder.  Referring  to  the  author's  equa- 
l»n  tor  the  resistance  of  the  furnace,  P  —  AV,  in  which  v  is  the 
wlocity  of  the  entering  iir  and  K  a  coefficient  for  the  furnace 
mder  consideration,  the  speaker  says  :  "  But  Mr.  Gale  has  left 
at  of  this  equation  the  value  of  the  variable  temperature,  which 
'  equal  to  T,  times  a  series  of  constants." 

Id  reply  to  this  it  need  only  be  pointed  out,  as  has  been  done 
Iwidy  in  the  paper,  that  the  frictional  resistance  encoun- 
>Ted  by  the  air  in  passing  through  the  fire  grate  depends  upon 
M  velocity  and  temperature  of  the  air  at  thai  point ;  and  fur- 
>«,  that  neither  the  temperature  of  the  entering  air  nor  that  of 
16  fire  in  the  furnace  can  be  found  by  multiplying  the  vai'iahle 
tinuiey  temperature  T,  by  a  constant.  The  temperature  of  the 
if  passing  through  the  fire  gi-ate  and  bed  of  coals  does  not  fol- 
w  the  variation  of  the  chimney  temperature,  hut  is  practically 
dependent  of  it ;  and  the  same  is  true  of  the  temperature  at  the 
trance  of  the  boiler  tubes,  the  point  next  in  importance  to  the 
e  grate  as  offering  resistance  to  the  passage  of  the  gas. 
ence,  in  investigating  the  effect  of  varying  the  chimney  tem- 
^fttiire  T,  in  the  case  of  a  given  furnace,  the  temperatures  at 
^  points  mentioned  may  be  taken  as  approximately  constant, 
*}  included  in  the  coefficient  K.  In  the  expression  for  the  pres- 
**  required  to  overcome  the  resistance  of  the  furnace,  there- 
e,  the  temperature  T,  should  not  properly  be  involved,  and 
critic's  defence  of  Rankine  on  this  basis  falls  to  the 
Und. 

^he  absurdity  involved  in  Bankine's  method  may  be  made 
Pe  evident  by  an  example.  Let  us  suppose  two  chimneys 
different  diameters— one  being,  say,  twice  as  great  as  the 
■er — connected  respectively  to  two  furnaces  of  exactly  the 
Qe  dimensions,  having  grates  of  equal  area,  each  burning, 
',  22  lbs.  of  coal  per  square  foot  per  hour,  and  discharging 
the  same  time  equal  quantities  of  gas  at  the  same  chimney 
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temperatures,  the  height  of  the  two  chimneys  being  so  adji 
as  to  give  equal  draught.  It  requires  no  very  "  deep  mec 
ical  insight"  to  perceive  that  equal  furnaces,  traversed  bye 
quantities  of  gas  at  the  same  temperature,  will  offer  e 
resistances,  and  that  the  pressures  required  to  overc 
those  resistances  must  also  be  equal.  This  is  the  re 
given  by  the  formula  P  =  Kv\  as  the  velocity  of  the  ente 
air  r  will  be  the  same  in  both  cases,  and  the  coefficients  of 
sistance  for  the  equal  furnaces  will  also  be  equal  Now  le 
compare  the  furnace  resistances  in  these  cases,  as  calculated 
Eankine's  formula,  given  on  page  287  of  The  Steam  Em 
which  represents  the  "  head"  required  to  overcome  the  fun 

resistance  by  the  expression       x  (r.    In  this  formula  G  is  sti 

to  be  "  a  factor  of  resistance  for  the  passage  of  the  air  thro 
the  grate  and  the  fuel  above  it,  whose  value,  according  to 
experiments  of  Peclet  on  furnaces  burning  from  20  to  24  lb 
coal  per  square  foot  of  grate,  is  12  ; "  u  is  "  the  velocity  of 
current  in  the  chimney^  Now,  as  the  cross  section  of  one  of 
assumed  chimneys  is  i  that  of  the  other,  and  each  discharges 
same  quantity  of  gas,  the  velocity  u  in  the  case  of  the  foi 
chimney  will  be  4  times  as  sn'eat  as  in  the  case  of  the  la 
one  ;  and  the  other  quantities  in  the  expression  being  cons' 
we  shall  have  the  "  heads  "  required  to  balance  the  friction  o 
two  furnaces  respectively  proportional  to  the  values  of  w'  ii 
two  cases.  Moreover,  as  the  head  may  be  converted  int 
etjuivalent  pressure  by  multiplying  by  the  density  of  the  chii 
gas,  and  the  density  of  the  gas  in  the  two  chimneys  is  the  fi 
we  obtain  the  result  that  the  pressure  required  to  balance 
resistance  of  one  of  our  given  furnaces  is  just  sixteen  tim 
(jreat  as  that  required  to  balance  the  resistance  offered  1 
equal  furnace  to  the  passage  of  the  same  quantity  of  gas  a 
same  temperature ! 

It  devolves  upon  those  who  maintain  that  *-Eankine's  fc 
las  are  quite  as  practicable  as  any  mathematical  treat 
need  be  "  to  explain  this  apparent  discrepancy. 

It  is  stated  in  tlie  discussion  that  "  Mr.  Gale,  with  less 
than  Peclet,  asks  practice  to  be  guided  by  formulas  consi 
bly  more  intricate  than  those  which  Pi»clet  pronounces  r 
impractical."  In  regard  to  the  first  point,  the  author  woul 
that  all  Peclet's  data  were  freely  used  in  writing  the  papi 


trposes  of  comparison,  in  addition  to  the  material  derived  fi-om 
nginal  experiments ;  and  in  regard  to  the  seconil,  he  invites 
impB,Ti8on  of  formulas  20  and  22 — which  are  thoae  chiefly 
jncommeuiled  (or  practice  —  with  the  formulas  of  Pcclet  and 
Bankme.  8nch  a  comparison  will  show  that  the  author's  formu- 
ire  no  more  intricate,  and— he  is  confident — are  somewhat 
"  impractical," 
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CCCLXXVII. 

GENERAL  SOLUTION  OF  THE  TRANSMISSION  0/ 
FORCE  IN  A  STEAM  ENGINE,  AS  INFLUENCED  Bl 
THE  ACTION  OF  FRICTION,  ACCELERATION,  AND 
GRA  VITY. 

BY  D.   S.   JACOBUS,  HOBOKEW«  N.  J. 

(Member  of  the  Society.) 

As  there  is  a  general  tendency  among  mathematicians  to  avoid 
all  equations  that  contain  approximations,  this  subject  has  beei^ 
worked  over  many  times,  each  writer  trying  to  develop  equation^ 
more  general  than  those  previously  obtained,  notwithst^ndiug  th.^ 
fact  that  many  of  these  same  equations  solve  the  problem  with  &TI 
the  exactness  that  will  ever  be  required  for  practical  work. 

Solutions  of  this  problem  have  been  given  by  other  members  C3 
this  society,  and  others  in  this  country,  some  of  which  have  be^: 
admirable ;  the  subject  has  also  been  taken  up  in  a  very  elabonu'C 
approximate  way  hy  many  Gterman  writers.  These  solutions  ha^^ 
been  thoroughly  looked  into  during  the  last  two  years,  in  which  tfci 
writer  has  worked  at  intervals  on  the  problem. 

It  is  endeavored  in  this  paper  to  present  a  set  of  equations  if 
volving  every  condition  met  with  in  ordinary  engine  practice,  n^ 
as  a  set  for  every-day  use,  but  valuable  in  showing  that  the  roof 
approximate  ones  are  sufficiently  accurate  for  ordinary  purpose  .^ 
These  equations  are  also  so  general  that  it  is  hoped  that  persons  C 
mathematical  tendencies  will  no  longer  feel  that  there  is  any  in^ 
portant  error  involved,  and  try  to  develop  a  set  of  a  more  exac 
nature. 

Most  writers  on  tliis  subject  have  been  satisfied  with  simply  de 
terminingthe  accelerating  forces,  and  not  showing  how  these  force- 
modify  the  tangential  effort  transmitted  to  the  crank,  the  prcssurei 
on  the  crank  and  wrist-pins,  {tnd  the  shaking  forces  acting  on  th£ 
bed  ;  in  the  present  article,  liowever,  this  modification  will  be  dis- 
cussed and  numerical  examples  given. 

The  accelerating  forces  must  necessarily  be  used  in  determining 
the  following  quantities : 
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1st,  The  preesnrea  that  exist  at  the  bearings. 

8d.  The  effort  transmitted   to  the  crank  at  each  point  of  its 
nrolntion,  knowing  which  the  ffuctimtion  of  energy  can  he  deter- 
foAned. 
it   8d,  The  forces  tending  to  shake  the  bed  of  the  engine. 

kThe  general  and  approximate  eqimtions  have  been  applied  to 
e  following  fonr  elasGes  of  engines,  and  the  difference  in  the  ce- 
ilts  determined. 

I,<i)  Small  horizontal  higlt-speed  engine. 
(J)  Locomotive. 

(c)  Slow  speed  of  revolntion.     Harris — Corliss. 

[d)  Engine  in  which  the  line  of  travel  of  the  wrist-pin  does  not 
(w  through  the  centre  of  the  crank  shiit^.     Weslinghoiise. 

Tiie  main  results  of  the  calculations  are  given  in  Table  I. 

The  quantity     „ ,  ,  as  given  in  Table  I.,  is  that  employed  by 

Riniiine  in  determining  the  proportions  of  fly-wheels  proper  for 
given  engines ;  it  is  the  ratio  of  the  periodical  excess  or  deficiency 
ef  energy  J£,  to  the  whole  energy  exerted  per  revolution, //"rfa. 
Tbecnires  of  effort  transmitted  to  the  erank  shaft,  together  with 
<ii»graitis  representing  the  niiignitnde  and  lines  of  action  of  the 
preaures  acting  on  the  crank-pin,  are  given  in  Figs.  52  to  65. 

The  following  conclusions  may  be  drawn  from  the  results  con- 
tained in  Table  I. : 

lit  The   greatest   difference  of   the   results  by  the  exact  and 
*rproiiniate  methods  for  the  maximum  crank-pin  ] 
I     per  cent. 

M.  Tlie  greatest  differeucfc  uci.»i;cii   mic  voiucp  ui   -p-,-  u 

'»o  methods  is  1.3  per  cent 

Tahles  VI,  to  X.  contain  the  numerical  results  that  are  employed 
'"  Isying  off  the  curves  in  the  figures  previously  mentioned.  In 
•liesc  tables  the  forces  are  given  in  pounds  per  square  inch  of  pis- 
■"n  area,  so  that  they  may  be  readily  laid  oft"  on  the  indicator  dia- 
grams. Tlie  curves  for  the  Weetinghouse  engine  are  determined 
irapfaically,  and  therefore  no  table  is  given  for  this  case. 

fn  making  nse  of  the  shaking  forces  in  order  to  determine  the 
proper  size  of  connterweight,  we  have  a  very  complex  problem  to 
*leal  with.  In  this  article  it  is  not  attempted  to  show  anything 
Hrther  than  the  magnitude  and  direction  of  these  forces  in  a  given 
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ino  for  different  sizes  of  counterweight.     Tlie  shaking  effct-t  of 

!   forces   is   not  treated    in    a  general   way,  which,  if   done, 

nAy*»   numerous  cum  plications,  anch  as  tlie  expression  of  the 

with   which  tlie  foundation  will  resist  springing  in  both  a 

lontat  and  vertical  direction,  and  the  determination  of  uhetLer 

t  time  of   revolution   of   the  engine  will   harmonize  with  the 

\  ribrations  of  its  bed.     The  simplified  problem  of  determiniug  the 

movetnent   of  ati  engine  supposed   to  be  suspended  in  space,  hHB 

I  been  worked  out  hj  the  writer,  and  will  shortly  be  piiblieJied;  but 

this,  of  eoui-ae,is  not  the  condition  of  an  engine  set  in  the  oi-dinary 

fay.  and  it  cannot   be  predicted  that  the  engine  having  the  least 

fJiake    under  these  assumed  conditions  will  beJiave  (he  best  when 

secnred  to  a  firm  foundation. 

The  translative  shaking  forces  acting  on  the  bed  of  a  horizon- 
tkl  Ui^Ii-speed  engine,  for  different  counterweiglits,  are  shown  in 
magnitude  and  direction  in  Fig.  66,  the  curves  there  given  being 
drawn  through  the  ends  of  tlie  lines  representing  the  forces. 

It  will  be  seen  in  Fig,  66  that  the  curves  drawn  through  the 
extremities  of  the  shaking  forces  are  not  ellipses,  as  is  indicated  in 
some  of  the  more  approximate  soliitione  of  tliis  subject  that  have 
been  offered  by  other  writers. 

Tlie  cmcIusionB  tliat  may  be  drawn  in  regard  to  tlie  approximate 
and  exact  forrnulie  are, 

1st.    The    approximate    formula    gives   results   that   are  exact 

enough  to  be  used   in  determining  the  ratio    p-,—  for  fly-wheel 

work,  for,  although  this  quantity  differs  somewhat  by  the  two 
methods,  an  assumption  of  a  change  in  the  steam  pressure  or  of  the 
total  work  done  by  the  engine  will  cause  a  greater  variation  in  Ji. 
than  there  is  between  the  approximate  and  exact  results ;  and  as 
the  fly-wheel  must  be  made  heavy  enough  to  take  care  of  these 
changes,  it  is  not  necessary  to  determine  ^£^  so  closely  that  the 
wheel  may  be  exactly  proportioned  to  a  particular  power  and 
shape  of  indicator  card  when  a  change  in  these  will  alter  the  final 
result, 

2d.  The  approximate  and  exact  methods  are  seen  to  agree  very 
closely  in  regard  to  the  maximum  pressures  on  the  jonrnals,  bo 
that  for  all  practical  work  one  is  as  good  as  the  otlier  in  detennin- 
ing  this  quantity. 

3d.  In  determiniDg  the  size  and  position  of  the  counterweight 
we  have  to  make  use  of  the  exact  formulee  in  order  to  determine 


i 
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the  foives  tending  to  eliake  the  bed.  In  the  case  of  the  ho 
high-speed  engine,  for  which  the  shaking  forces  are  sliown  in  Fig 
66,  it  may  be  Been  that  tlie  sum  of  the  vertical  shaking  forces  is 
very  nearly  baianced  by  a  nouiiterweight  of  one  quarter  the  mass 
of  the  reciprocating  parts  placed  oppoaite  the  cr«nk-pin  at  the  same 
radins  ag  the  ]atter;  and  thoBe  in  a  horizontal  direction  are  best 
balanced  by  the  entire  mass  at  the  same  point  It  therefore 
appears  that  for  this  particnlar  engine  the  smaller  eonnterweigbt 
will  be  the  best  if  the  shake  occurs  more  readily  in  a  vertical  than 
in  a  horizontal  direction,  and  that  the  heavier  one  will  l)e  preferable 
when  the  horizontal  forces  produce  tlie  most  shake,  as,  for  inatano%  ^ 
if  the  engine  is  set  on  a  tall  foundation. 

In  *  the  Appendix  are  given  the  equations  employed  in  calcif 
lating  these  results,  together  -with  abstracts  of  the  methods  ( 
deriving  them. 

It  may  be  well  to  note  that  the  accelerating  forces  given  for  t 
rod  are  such  as  will  produce  the  required  acceleration  of  the  s 
While  there  is  but  one  single  force,  with  its  special  point  of  applU: 
cation,  that  will  produce  the  required  acceleration,  tlier 
infinite  number  of  sets  of  forces  at  the  wrist  and  crank-pins  that 
effect  the  same  results,  these  sets  differing  only  in  the  amount  of 
tension  or  compression  which  they  produce  in  the  rod.  This  is 
the  cause  of  the  apparent  disagreement  of  many  of  tlie  formnlte 
presented  by  different  writers.  All  correct  seta  will,  however, 
give  the  true  values  of  forces  acting  between  different  parts  of  the 
engine,  such  as  tiie  crank  and  wrist-pin  preBsures,  tangential  effort, 
etc.  This  class  of  formulas  cannot  be  employed  to  tind  the  inter- 
nal strains  without  a  complete  discussion  of  the  forces  acting  on 
each  element  of  the  rod. 


APPLICATION  OF  THE   FORMUL*. 
Table  IV.,  in  connection  with  the  indicator  diagrams  shown  in 


'  The  method  nt  obUluliig  the  accelerating  forces  Iibb  bven  indicsti^  iu  «u 
abetract  pteHented  to  the  Araericau  Ansodntiim  (or  the  Adv»ncemenl  of  Science, 
and  will  be  published  ia  detail  in  the  Aniiii*  uf  Matktvmlir*.  wliich  paper  has 
iilready  enntained  au  article  by  ProfesBor  J.  Burkitt  Webb  and  the  writer,  on  the 
effect  of  (rictioD  Ht  ronnpctlng-rod  bearlo^  on  iho  forcea  tranamitted. 

The  writer  ia  much  iudebled  in  Professor  Webb  tor  valuable  assiatance  in  the 

present  article,  many  of  the  equations  having  been  worked  out  iudependentl;  by 

hiu  and  compared,  In  order  to  check  the  final  resalts.     The  methoila  employed 

re   also,  in  u  great  measure,  aaggested  by  bim,  as  well  aa  a  (lortlon  of  the 
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Fig*.  l62),  (56),  (59)  and  (62),  gives  llie  data  whicli  are  required  to 
calculate  tlie  accelerating  forces,  rotative  effort,  etc.,  for  Geveral 
typical  dasses  of  engines.  Making  use  of  the  data  given  in  Table 
IV^  we  obtain  the  constants  for  the  cqu-itions  of  tlie  accelerating 
tw-ces  given  in  Table  V.  These  L'onstants  -are  nsed  in  calculating 
lie  resnItB  given  in  the  tables  that  follow. 

The  effect  of  friction  and  the  action  of  gravity  is  neglected  in 
'Tables  VI.,  IX.,  and  X.  In  Table  VII.  the  action  of  gravity  is 
■ioclnded,  but  not  that  of  friction.  Table  VIII.  gives  the  effect  of 
frictioQ  at  the  wrist  and  crank-pine,  together  with  that  of  the  action 
Cl  gravity. 

We  have  taken  the  coefficient  of  friction  at  tlie  wrist  and  crank- 
piniiri  Table  VIH,  equal  to  si.\  per  cent.* 


,   ftink  wiete  =  #. 

euelosn. 

4 

R 

TS- 

0,   180,               30(1 

10,   170.    W),     350  .... 
M,   160,    2O0.     340 

»,  ISO.  210,    aao 

«.    no,    320.     320 

iSO,   130,    230.     310 

«,   ISO.    240,     300 

m,  no.  250,   300 

90.   100,    280.     280 

M.            270 

+  .250 
+  .a36 

+  .m 

+  .12B 
+  -048 
-.040 
-.185 
-.195 
-.243 
-.258 

+  .200 
+  ,1S8 
+  .154 
+  .102 
+  .037 
-.0S8 
-.100 
-.1.55 
-.lUI 
-.204 

+  .167 
+  .157 
+  .138 
+  .084 

+  .oao 

-.028 
-.088 
-.139 
-.159 
-.169 

+  .130 
+  .133 
+  .100 
+  .066 
+  .033 
-.032 
-.065 
-.100 
-.124 
-.183 

'  in  exprrimentx  made  nt  tlie  Stevens  Instiiuie  a  great  variation  ol  co-efflcients 
ot  (Ticlinn  have  been  observed  with  difFerent  conditions  of  jouraala,  the  range 
Wng  trnm  one-half  of  one  per  cent,  to  eiglit  per  cent. 
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TABLE  III. 
TALTKB  OF  Z  WBEN  «  =  6,  b  =  i,  AMD  «  =  0. 


•     1 

«            z 

0     1 

-f  .3030 

180 

+  .3080 

190 

so        ' 

0422 

70 

0508 

860 

1005 

870 

150     ! 

1000 

170     1 

+ 

850 

DIIfEHSlOMS  » 


3i 

If. 

Sis 


Bevolutiona  of  crank  nliaft  ppr  win 


.  800 


Length  ol  stroke,  in  incbes 

Diaitieler  of  cylinder,  in  indies 

Leng:tli  or  coiinecting-rcid.  tn  inchi-a 

Distance  from  the  w/ist-pin  to  th--  rent 

gravity  of  rod.  in  inclies ?0.16   I 

Distance  from  lh«  centre  of  the  crank  shnri 

to  the  line  of  [ravel  of  llie  wrisl-pin,  iu 

inches  

Principal  radius  of  gymiinn,  in  inches 15.00   I 

Weight  of  piston,  piston-md,  and  cnxts-head, 

in  pounds 

Weight  of  conneetihg-rod,  in  pounds 
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TABLE  VII. 

SMALL  HORIZONTAL  HIGH-SPEED  BNGINB.  ACTIOK  OF  GRAYITY  INCLUDED, 
BUT  NOT  THAT  OF  FRICTION.  FORCES  IN  LBS.  FEB  SQUARE  INCH  OF  PISTON 
AREA. 
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+  48.3 
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+  1.*8 
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+47.6 

30 

+  4.8 

+  82  7 
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+  42.5 
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+  7.6 

+  51.4 

+  26.8 

+  58.0 

70 

+  7.2 

+  48.2 

+   3.2 

+  48.3 

90 

+  5.6 

+  39.0 

-12.4 

+  40.9 

110 

+  4.4 

+  28.1 

-21.6 

+  35.4 

130 

+  1.8 

+  12.8 

-19.1 

+  24.8 

150 

-   .6 

-  2.0 

-  1.2 

-  2.3 

170 

-   .4 

-  2.6 

+  14.7 

-14.9 

180 

+    .4 

+      .5 

1 

+  52.9 

-52.9 

TABLE  VIIL 

SMALL  HORIZONTAL    HIGH-SPEED  ENGINE.      FRICTION   AND  ACTION  OF  GRAVITY 
INCLUDED.       FORCES  IN  LBS.  PER  SQUARE  INCH  OF  PISTON  AREA. 
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Loromotivp   Rn^ne. — Tnlt^entUI   Effort  Acting   an   Crank-Pin.      FrJcllon   and 
Oraviiy  Not  tnclude.!. 


Fig.  58. 
Locomotive  En^e.— PressureB  Acting  cm  Cra.tik.-?\Ti. 
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Corliss  Enslue.— TangeiitiHl  Effort  Acting  on  L'raiik-Pin.    Friction  and  til 
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Pio.  65. 
WeBlingbouse  Engidf.— PreMurm  Acllog  on  Crwk-Pin. 
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APPENDIX. 

TOBlCUl^S   AND  METHODS  EUPLOTED   IN  DERTVTNa  THE  8AHB. 

Fio.  67  represents  tlie  main  lines  of  an  engine  referred  to  tlie 
borizontal  axis,  OX,  coinciding  with  the  line  of  travel  of  tlie  wriat- 
pin,  O  being  the  extreme  point  of  its  travel,  and  07  tiie  vertical 
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o_ 

I 


Fio.  67. 


axis,  the  pluB  direction  of  the  accelerating  forces  being  indicated  by 
arrow  heads. 

Let  R  =  radios  of  the  crauk  circle ; 
nR  =  length  of  connecting-rod ; 

IR  =  distance  from  the  wrist.pin  to  the  foot  of  the  per- 
pendicalar  let  fall  from  the  centre  of  gravity  of 
the  connecting-rod  to  a  line  joining  the  centres 
of  the  wrist  and  crank-pins  ; 
eR  =  distance  from  the  centre  of  gravity  of  the  rod  to  the 
line  joining  the  centres  of  the  wrist  and  crank- 
pins; 
kR  =  radins  of  gyration  of  the  rod  abont  its  centre  of 

gravity ; 
b£  !=  distance  from  the  centre  of  the  crank  shaft  to  the 
line  of  motion  of  the  wrist-pin ; 
0  =  crank  angle  measured  from  its  position  when  parallel 
to  the  centre  line  of  the  cylinder; 
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ft  =  connecting-rod  angle ; 

6  =  angle  made  by  tipping  the  engine  up  aboat  the 
crank  shaft ; 
IFi  and  21  •=  weight  and  mass  of  the  piston,  piston-rod,  and  cro»- 

head ;  | 

IFo  and  m  =  weight  and  mass  of  the  connecting-rod ;  i 

r  =  angular  velocity  of  crank  shaft; 
Ft  =  accelerating  force  for  piston,  piston-rod,  and  cross- 
head; 
A'„  X2,  yi,  and  T^  =  horizontal   and   vertical  accelerating  forces 

acting  in  the  direction  marked  in  Fig.  A ; 
Pa  =  pressure  of  steam  on  the  piston  ; 
G'  =  pressure  of  guides  against  the  cross-head,  acting  at 
the  centre  of  the  wrist-pin  at  the  angle  90**  +  9>'; 
(p'  =  angle  of  friction  at  cross-head  guides ; 
<Pi  and  q^t  =  angles  of  friction  at  the  wrist  and  crank-pins  respec- 
tively ; 
G  =-'  component  of  0^  perpendicular  to  the  line  of  motion 
of  the  wrist-pin ; 
P^  and  Pc  =  forces  exerted  by  the  connecting-rod  npon  the  wrist 

and  crank-pins  respectively ; 
T  =  tangential  component  of  the  force  Pc  acting  at  the 

crank-pin ; 
iV^  =  radial  component  of  the  force -Pc  acting  at  the  crank- 
pin; 
Xj  and  Yt  =  horizontal  and  vertical  components  of  the   forces 

tending  to  shake  the  bed  of  the  engine ; 
Pp  =  force  that,  when  subtracted,  the  force  Pa  of  the 
steam  will  give  a  result  that  may  be  compounded 
as  if  no  inertia  were'present,  in  order  to  obtain 
the  true  value  of  7* or  iT; 
C  =  component  of  the  weight  of  the  piston,  piston-rod, 
and  cross-head,  that  acts  in  the  direction  of  the 
centre  line  of  the  cylinder; 
P  and  F  =  portions  of  the  weight  of  the  connecting-rod  borne 

respectively  by  the  wrist  and  crank-pins; 
//=  friction  of  piston  and  piston-rod; 
r^j-and  ?v  =  J'adii  of  the  wrist  and  crank-pins  respectively. 

The  forces  that  are  altered  by  the  introduction  of  friction  are 
marked  by  tlie  subscript  ^  when  the  equation  indndes  this  effect. 
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!  only  extra  notation  for  friction  which  is  not  given  above  is 
'f  ■which,  is  the  force  ly  reduced  to  the  centre  of  the  crank-pin. 
Kin  the  approximate  fonnultE  Pp  is  the  force  required  to  Accelerate 
I  entire  mass  of  the  reciprocating  parte,  if  it  be  aseiitned  to  move 
Uh  tlie  piston  ;  this  is  the  only  accelerating  force  involved  in  thiB 
lethod,  the  rest  of  the  notation  being  t!ie  same  as  for  the  exaci, 
^  Z  \b  a.  quantity  introdneed  in  order  to  simplify  the  eqnations  for 

s  accelerating  forces  ;  its  value  will  he  given  both  for  the  general 
qnations  and  those  that  are  nsed  in  the  eimplified  case  of  au 
bgine  in  which  the  line  of  travel  of  tlie  wrist-pin  passea  throngh 

i  centre  of  tlie  crank  eliaft. 


XIBMUL^,    WITH    ALL    THE     OENERAL    CONDITIONS    OF    THE    TEOBLEM 
INCtlJDED, 

/•,  =  m  r'K  {cosO  +  Z], 

I V  »     » I'/.'-  («in  0  _  »)■  y  V  •         ,"  / 

-  ^  .!»  1  I  • 

IV"       »  Vn'-Crtid-wA"  »     /       «  [ 

X.  =  mr'R\  f-^^' <'•••-'•"">- ">•)(,„  t  4-  '^Zt  ^  .in  0  ") 
\\    n  » (.lo  «  -  J)     A  »  »  J 


.V} 


-  X,  I  tan  /J  +  r,  +  Z)oos  3>  (A  +  B)  om  ff] 
P^^  '/'  \{P,+  C-F,  ~S-  ff/tanp')'  +  GV  j. 
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Tf  =  j  Pa  +  C  -  -Fi  -  JJ  -  Gf/  tan  <p'  +  Z>  sin  a  -  (^  +  ^  sin  /9  -  2,1 

sec  /J  sin  (0  +  /J)  —  J,  cos  0  —  X,  sin  6  —  (il  +  A  oos  (0  +  /Q 

—  ^cos(0  +  6), 

iV7  =  \Pa  +  C  -  F,  -  H -G  Um  <p'  +  D  Bin  S  ^  {A  +  S)  t&n  /S  ^  X,} 

sec  /9  cos  (0  +  /?)  +  Fi  sin  9  —  Xi  cos  6  +  (^  +  ^  sin  (9  -I-  /9) 

+  J^flin(0  +  6), 


In  which 


z= 


^  = 


V57  +JV/. 
Tf  -  Z?„. 
-(i^,+X,+X,). 

-(r;+r.). 

n'  cos*  ^ 


sin  0  (sin  ^  —  ft) 


{«« -  (sin  e -  &)»}  I      Vn*  -  (sin  ^ 
/'^y  r„  sin  yi 


-J)» 


P^  r,  sin  <pi 


B. 

C  =  F,  sin  «S. 


n  —  ^  +  c  tan  (/?  — d)  ^ 


n 


Z  = 


?- c  tan  (/?-«?)  ^^ 


II 


FORCES    WHEN    FRICTION    AND    ORAVITT    ARE    NEOLECTED. 

The  accelerating  forces  will  be  the  same  as  when  all  the  con- 
ditions are  included,  and  tliose  that  are  obtained  by  combining 
these  with  the  force  due  to  the  steam,  redace  to  the  foUowing : 

O  :=  {PI  -  F,  -  X,)  tan  /S  +  Y,. 

P.  =  V  \(Pa  -  -^'if  +    G*\' 

T    =  {Pa-  Fi-  X,)  sec  /?  sin  («+/?)-  r,  COB  6»  -  X;  sin  0 

=  {P„  -  Pp)  sec  fi  sin  {0  +  /?). 
N  =  {Pa  -  Fi  -  X,)  see /3  C06  {0  +  /3)  +  F,  sin  ^  -  X;  cos  ^. 
Pp  =  F  +  Xi  +  (r»  cos  S  +  X,  sin  ^  -5-  sec  >8  sin  (tf  +  /S> 


Pc  =  V2"  +  i^*. 
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f  the  rod  is  symmetrical  about  its  centre  line  and  the  path  of 
bion  of  the  wrist-pin  passes  through  the  centre  of  the  crank 
?t,  the  equations  for  the  aceelerating  forces  reduce  to  the  fol- 


1\=  -  mj'B—'^smff. 

A,  ~  m  i^Ii   < COB  S  +  i~ '^ Z  - . 


-z[. 


(7i'  -  sill'  (f)> 
TOSUVhJK    D8RD    IN   APFBOSIUATE   METHOD. 

Pp  =  (if  +  m)  r'Ji  {COS  e  +  Z). 

T   ={P„-  -Pp)  sec  /S  Bin  (0  +  fi). 

N  =  {P„-  Pp)  sec  /?  cos  (^  +  /S). 
P^  =  (P,  _  P^  aec  ^. 

POBMDLa  WHEN  THE  ACOELERATINO   FOBCES  ARE  HOT  KCLDDED. 

T  =P^aecfi  Bin  {0  +  fi). 
P^  =  Pa  see  A. 

ABSTRACTS  OF  THE  METHODS  E3CPL0YED  IN  DEVELOPINQ  THESE  EQUA- 
TIONS. 

The  acceleration  of  the  mass  of  the  piston,  piston-rod,  and  cross- 
head,  prodoced  by  the  force  ^i,  is  determined  bj  finding  the  space 
travelled  by  the  piston  for  any  crank  angle  S,  and  obtaining  the 
seeond  differential  co-efficient  of  this,  with  regard  to  the  lime  i  re- 
quired to  turn  through  the  are  9,  on  the  assumption  that  the  angu- 
lar velocity  r  ie  constant. 

The  space  travelled  by  the  piston  from  its  position  when  on  the 
dead  centre,  at  which  it  ie  farthest  from  the  crank,  is  : 

«  =  ^/{Ii  +  nMf~  VH?  -  R  (cos  d  +  V  «'  -  (sin  B  -  IJ  )■ 
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Ab  dt  is  the  time  to  turn  through  the  arc  dO^  we  have  ^  =  ^« 
Tliese  give  for  the  acceleration  : 

d^s        ,  n  <        n        sin  ^  (fin  ^  -  6)  n*  cos"  0  \ 

-=-s  =  r'jftf  {  cos  U ,  +  7— i 7-; — s x^iTT  f  I 

dt^  --^        \  Vw'  -  (sin  0-h)^       {  «'  -  (sin  ^  -  *)*}*  ' 


from  which 


F,  =  M^  =  if  r«y;  (cos  »  +  Z). 


The  general  equations  for  the  forces  required  to  accelerate  the 
mass  of  the  connecting-rod  have  been  derived  by  two  methods: 

1st.  By  determining  the  forces  required  at  the  centre  of  gravity 
to  translate  the  rod,  and  introducing  a  pair  of  equal  and  opposite 
forces  to  produce  its  angular  acceleration  about  this  same  point; 
and, 

2d.  By  assuming  the  mass  of  the  rod  to  be  divided  into  two 
equal  portions  concentrated  at  points  in  a  line  passing  through  the 
centre  of  gravity  and  lying  in  its  plane  of  motion,  the  distances 
from  the  centre  of  gravity  to  each  of  the  masses  being  equal  to  the 
radius  of  gyration  of  the  rod  about  the  same  point,  and  determin- 
ing the  forces  that  will  be  required  to  produce  acceleration  when 
the  mass  is  so  divided.  These  forces  will  be  the  same  as  those 
required  to  accelerate  the  actual  rod. 

FIRST  METHOD  OF  DERIYINO  CONNEGTING-BOD  FORGES. 

The  X  and  ]r  components  of  the  translative  force  at  the  centre 

of  gravity  are : 


F.= 


X 


and 


=  7^1  r»  i?  i  cos  »  +  - — ?  Z  +  -  sin  « I  , 
(  n  n  ) 


"  (  n  n       \ 


The  moment  required  to  produce  the  angular  acceleration  is 


3/.  =  -  m  T^i^P  I 


( V^i 


9 


sin  e cos^  e  (sin  6  -  I)     ) 

-(sin  e-by       {n»-(8in  ^- jy{l  J 


Fx  and  Fy  are  divided  between  the  wrist  and  crank-pins  in  such 
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s  manner  that  no  angular  afreeleration  will  be  produced  by  the 
components,  and  the  moment,  M„  is  made  to  act  by  placing  etjiial 
and  opposite  components  at  the  enJe  of  the  rocJ.  The  sum  of  the 
componentG  of  the  tranBlative  and  rotative  components  at  the  two 
ends  of  the  rod  give  ue  the  values  of  A',,  -T,,  1^,,  and  I'„ 
indicated. 


SEOOSD  M8TH0D  OF   DEMTIKO   CONDECTISa-ROD  FORCES. 

TliB  JC  and  1"  translative  foi-cos  for  the  mass  nearest  the  wrist- 
pin  are: 


ilarlj",  for  the  mass  nearest  to  the  wrist-pin,  we  have : 


I'-=^imt'H\  — —  sin  C  +  - Z  V  . 

(     n  "       ) 

Each  of  these  rectangular  componetits  of  the  accelerating  forces 
lor  the  two  massee  is  divided  between  the  wrist  and  crank-pins, 
and  the  snin  of  the  components  at  the  latter  point  gives  tiie  acceler- 
ating forces  X„  X,,  Y,,  and  Y,,  na  before. 


lODIFICiTIONB  OF  THE  EQDATI0N3  BY  THE  INTEODDCTION  OF  FOBCEB 
THAT   AEB    PBODDCED   BT   FEIOTIGN    AND    GEAYITT. 

It  Ilia  been  demonstrated  in  a  paper  prepared  by  Prof.  J.  B. 
Webb  and  the  writer,*  published  a  short  time  ago  in  the  Annals 
of  Mathematics,  that  the  effect  of  friction  at  the  connecting-rod 
Wrings  may  be  determined  by  introducing  into  the  equilibrium 
pohgons  two  forces,  A  and  S,  the  values  of  which  have  already 
™fin  given,  at  right  angles  to  the  centre  line  of  the  rod,  the  snm 
^^^  and  B  being  applied  at  each  of  the  pins, 

*  See  Annali  of  Mathematie;  Dec.  1888. 
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Prof.  J.  E.  Denton. — Aasnining  that  we  have  anfficientmeti 
determining  the  forces  of  acceleration,  etc.,  with  every  poesiE^ 
gree  of  accnracy,  it  may  now  be  asked,  to  what  extent  is  it  desir 
or  necessary  to  take  account  of  snch  forces  in  engine  design  \  J 
well  known,  the  pioneer  in  this  field  of  gtndy  was  ICr.  Obariei 
Porter.  He  applied  the  principle  of  heavy  reciprocating  psrti 
his  first  Allen  12  x  21  engine,  built  at  Whitworth's,  and  ran  i 
200  revolutions  per  minute  at  the  Paris  Exhibition,  at  a  time  wl 
such  a  speed  was  almost  unknown  outside  of  locomotive  pnct 
Mr.  Porter  states  that  the  en^ne  ran  as  smoothly  as  a  wheel, 
attributes  it  to  the  principle  of  heavy  reciprocating  parts. 

Mr.  Arthur  Kigg,  in  his  treatise  on  the  steam-engine,  states 
the  weight  of  the  reciprocating  parts  of  this  engine  was  470 
and  that  the  force  to  accelerate  this  weight  was  roundly  eqa 


the  l>oiler  pressure,  so  that  for  a  cut-oS  as  per  Fig.  103.  the  pre 
on  the  crank  was  as  per  the  shaded  area ;  that  is,  the  pressure 
practically  zero  for  one-fifth  of  the  stroke,  and  then  unifomd 
creased.  Mr.  Bigg  considers  this  distribution  a  misase  of  the 
ter  principle,  and  my  attention  has  been  called  to  this  fact  as  ] 
that  the  quiet  running  of  Porter's  Paris  engine  was  due  to  » 
manship,  and  not  at  all  to  any  aid  from  inertia.  Mr.  Rigg  1 
that  if  the  reciprocating  parts  had  been  snch  as  to  absorb  a 
half  the  boiler  pressure,  thus  making  the  crank  pressure  a 
as  per  the  line  ABC,  a  much  better  action  wontd  have 
had. 
Now,  when  the  Southwork  Foundry  hnilt  the  Porter-AUec 
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gines,  all  that  workmaRship  (!on1d  do  to  make  engines  run  Emootiily 
was  certainly  done  for  them.  The  reciprocating  parts  in  engines 
of  about  14  inches  diameter  wereof  such  weight  as  to  absorb  about 
half  the  boiler  pressure,  giving  the  crank-pin  abont  the  pressiii-e 
represented  by  the  line  ABC.  Yet  tliese  engines  gave  trouble 
from  pounding  on  the  centreB,  and  were  only  made  quiet  by  the 
adoption  of  so  much  compressive  action  that  the  steam  was  cush- 
ioned to  nearly  boiler  pressure,  thus  making  the  distribution  the 
same  as  in  a  high-speed  locomotive,  which  has  long  been  known  to 
(we  ita  smoothness  of  action  to  this  amount  of  cushion.  Since 
then  high-speed  engines  generally  have  adopted  the  "cushion"  to 
about  boiler  pressure,  and  the  weight  of  the  parts  is  natnrally  such 
'  as  to  make  the  force  of  acc-elcrHtiou  about  equal  to  half  boiler  press- 
ure. Now,  under  these  circumstances  the  pressure  on  the  crank 
is  zero  just  before  the  end  of  the  stroke,  and  increases  Viniformly 
from  zero  up  to  half  boiler  pressure;  practically  just  as  did  the 
pressure  on  Porter's  Paris  engine. 

On  the  other  hand,  if  there  is  no  cushion  and  the  pressure  is 
nearly  uniform  as  per  line  ABC,  there  is  a  sudden  change  in 
crank  pressure  from  half  boiler  pressure  in  one  direction  to  hall 
boiler  in  the  other  direction,  and  this  makes  the  poimding.  I  there- 
fore believe  that  Mr.  Porter's  Paris  engine  did  derive  its  smooth- 
ness from  the  Porter  principle. 

Regarding  the  value  of  balancing  pressures,  or  avoiding  irregular 
action,  I  would  relate  the  following  incident: 

A  7  X  14-ineh  engine,  running  215  revolutions,  had  its  port  at 
one  end  stopped  up,  and  was  run  single  acting  for  abont  nine  weeks. 
At  the  end  of  that  time  the  fly-wheel,  four  feet  diameter  and 
weighing  1,2^0  Ibe.,  had  sheared  off  the  key  holding  it  to  the  main 
shaft.  The  engine,  to  the  eye,  ran  as  steadily  as  when  running 
double  acting. 

Again,  a  5J  x  7-inch  engine  ran  compounded  with  a  7  x  14-inch 
at  160  revolutions,  the  connection  being  by  belt  through  a  2-inch 
line  of  shafting.  Although  tho  revolutions  were  aa  nearly  the 
same  as  could  be  counted,  yet  the  slight  diHerence  of  harmony 
in  the  running  of  the  two  engines  shtared  off  the  pin  of  a  Sellers 
coupling  on  the  connecting  shaft.  My  point  is,  tbst  if  the  irreg- 
ularities of  action  present  in  these  eases  can  do  these  things,  it 
is  worth  while  to  design  engines  in  the  light  of  the  fullest  pos- 
sible knowledge  of  tho  principles  of  acceleration  laid  down  eo 
exhaustively  in  the  present  paper. 
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Prof.  i?.  H.  Thurston. — This  paper  is  one  which,  in  a  cerfauD 
way,  is  of  extraordinary  value,  and  I  think  the  preliminary  work 
should  also  appear  in  our  transactions  in  full,  if  there  is  do  resMo 
to  the  contrary.     While  results  are  often  of  extreme  value,  yet 
they  represent  only  a  part  of  the  work.     If  any  one  bereaftei 
should  desire  to  revise  the  work,  he  would  find  it  a  great  oonven- 
ience  to  have  it  all  in  the  transactions  in  one  place,  and  not  be  oona- 
pelled  to  look  for  parts  of  it  in  other  places  and  at  other  dates. 
It  is  not,  of  course,  likely  that  any  one  will  ever  find  it  neoessATj 
to  make  much  use  of  such  equations,  but  it  constitutes  a  standari  • 
of  the  practice  which  it  is  very  important  to  have  constructed,  fiind 
equally  important  to  have  on  record  in  accessible  form. 

Mr.  Jesse  M,  SmifL — I  had  occasion  a  few  years  ago  to  design 
a  high-speed  engine  which  has  since  been  put  into  practice,  an  ^  I 
went  pretty  thoroughly  into  the  question  of  the  acceleration  of    ^^ 
moving  parts;  and  I  found,  as  Mr.  Jacobus  has  stated,  that  it  is   ^^' 
possible  to  put  any  counter- weight  into  the  crank  which  will  coua  ^^' 
balance  all  of  the  acceleration  forces.    Those  forces  can  be  divi^®" 
into  two  sets — those  which  act  horizontally  and  those  which       ^ 
vertically.     It  is  perfectly  feasible  to  counterbalance  one  set  or    *** 
other,  but  it  is  impossible  to  attain  both  results  at  the  same  tii 
I  adopted  the  process  of  finding  what  was  necessary  to  make 
horizontal  balance,  and  what  Avas  necessary  to  make  the  veiL^  ^ 
balance,  and  then  according  to  circumstances  used  one  or  the  o1 
If  the  engine  was  horizontal,  in  which  case  the  accelerating  foi 
were  largely  horizontal,  I  thought  it  best  to  put  in  a  connterbalai 
which  was  almost  equal  to  the  horizontal  accelerating  forces, 
letting  the  weight  of  the  frame  and  the  weight  of  the  fonndat: 
take  up  the  vertical  action.     Of  course  if  the  engine  were  to 
vertical  one,  resting  on  a  heavy  foundation — ^which  is  absolnt- 
necessary  in  that  case,  more  so  than  for  a  horizontal  engine— i 
accelerating  forces  which  are  horizontal  would  tend  to  tip 
engine  over,  and  those  which  are  vertical  would  act  directly  up 
down  to  lift  the  foundation  off  of  its  seat  and  set  it  back  again. 
found  that  a  very  smooth-running  horizontal  engine  could  be  mi 
by  making  the  weight  of  all  the  reciprocating  parts  equal  to 
weight  of  the  counterbalance — that  is,  supposing  that  the  centro^^ 
gravity  of  the  counterbalance  is  the  same  distance  from  the  een 
of  the  shaft  that  the  crank.pin  is  from  the  centre.     In  a  hoA'zoi: 
engine  the  vertical  components  of  the  accelerating  forces  are  rat! 
small  compared  with  the  horizontal,  and  I  found  it  hardly  nt 
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to  compensate  for  tbem.  I  agree  very  tborouglily  witli  wliat  Prof^ 
Denton  lias  said — tbat  Mr.  Porter  was  right  in  putting  conntep-' 
balance  into  liie  engine  for  tlie  purpose  of  making  it  run  emootlily, 
I  canttot  qnite  follow  Mr.  Porter  ae  far  as  he  went  in  pntting  in  a 
"reciprocating  fly-wheel,'"  as  he  called  it,  but  the  idea  is  a  good 
one,  and  as  long  as  we  have  to  have  weight  to  the  reciprocating 
parts  it  ie  necessary  to  pat  a  counterbalance  which  will  overcome 
tlieir  effect,  if  we  expect  to  have  an  engine  which  will  not  drive 
itself  oS  the  foundation. 

Mr.  Geo.  M.  Hoiul. — I  might  say  in  this  relation,  without  going 
into  the  reasons  for  it,  that  the  company  with  which  I  am  con- 
nected has  a  Straight  Line  engine  of  about  20  H.P.,  which  was 
placed  on  the  floor  of  tlje  first  story  of  a  large  new  brick  Viuild- 
ing,  in  a  part  used  as  a  pattern  room.  Although  the  engine  was 
earefnlly  balanced  for  lateral  motion  (hgrizon tally),  it  was  fonnd 
impossible  to  secure  it  vertically  without  siiaking  the  IJoor  con- 
siderably, at  the  speed  at  which  it  was  designed  to  run.  Its  speed 
was  about  210  revolutions  per  minute,  I  should  think,  and  as  it  was 
only  placed  there  temporarily  it  was  soon  after  moved  to  the  base- 
ment, and  hy  giving  it  the  proper  weight  of  foundation  the  vertical 
disturbing  forces  wera  resisted.  The  weight  of  the  foundation  and 
the  strength  of  the  bolls  which  secured  it  overcame  the  difficulty 
perfectly. 

Mr.  Scolt  A.  Smit/i. — I  should  like  to  call  Professor  Dentoa'ft^ 
attention  to  the  fact  that  in  the  Porter-Allen  engine,  as  now  con*' 
structed  by  the  Southwork  Foundry,  they  connect  the  exhaust  val 
innch  lower  down  on  the  link,  and  they  get,  therefore,  niucli  m< 
compression  than  they  formerly  did.  The  use  of  the  heavy  piston 
by  Mr.  Porter  was,  I  suppose,  to  prevent  the  pounding  which 
might  occur  in  the  engine.  With  the  peculiar  valve  gear  of  the 
Porter-Allen  engine,  to  get  a  short  cut-o£E  the  opening  of  the 
steam  valves  has  to  take  place  by  a  lead,  particularly  if  there  is 
any  "lost  motion"  between  the  eccentric  and  the  valves.  Con- 
seqaently  if  tiiere  is  not  compression  up  to  about  the  admission 
line  there  is  apt  to  be  a  pound  ;  but  a  very  heavy  piston  takes  up 
the  force  of  the  blow  from  the  sudden  admission  of  the  incoming 
steam.  As  I  said,  connecting  the  exlianst  valves  lower  down 
the  link,  they  now  get  on  the  Porter-Allen  engine  much 
presEton  than  formerly,  thus  gradually  taking  up  all  lost  motion, 
any  exist  in  the  reciprocating  parts. 

Prof.  Denton. — I  would  like  to  have  Dr.  Sellers  tell  the  hial 
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of  the  change  of  the  compression  on  the  Porter- Allen  engina  J 
think  he  can  tell  all  about  it. 

Dr,  Sellers. — ^Unfortunately,  I  cannot  fully  reply  to  Prof.  Dtti- 
ton's  request.  It  is  a  matter  which  has  been  done  in  oar  wori^ 
but  I  have  not  the  facts  at  hand  now  to  make  useful  remarb  on 
the  subject.  The  early  Porter-Allen  engines  pnt  on  the  Penn- 
sylvania Road  and  those  to  run  the  electric  lights  of  William  Sellen 
&  Company  made  a  great  deal  of  noise,  due  to  the  attempt  toamd 
any  cushion  and  thus  increase  efficiency.  But  many  of  the  changes 
to  which  you  allude  now  were  made  dim'ng  my  illness,  or  about  the 
beginning  of  my  enforced  retirement  from  active  work. 

Prof.  Denton, — Was  it  not  suggested  from  your  works  \ 

Dr.  SeUers. — Oh,  yes;  the  alterations  required  to  stop  the  now 
by  means  of  cushioning  the  steam  emanated  from  the  works  ' 
Wm.  Sellers  k  Co. 

Mr.  Jesse  M.  Smith. — It  strikes  me  that  acceleration  and  co" 
pression  are  quite  different  things.  It  is  necessary  to  put  in  conn  t 
weight  for  the  purpose  of  preventing  the  horizontal  forces  fr^ 
moving  the  engine  on  its  foundation,  but  that  has  no  effect  u|^ 
what  lost  motion  there  may  be  in  the  connecting-rod.  What: 
sometimes  called  the  Porter-Allen  knock  in  an  engine  I  think: 
entirely  due  to  the  lack  of  compression,  and  that  the  compress'i 
is  put  in  simply  for  the  purpose  of  taking  up  gradually  the  L 
motion  at  the  cross-head  and  at  the  crank.  I  think  that  the  pntti 
in  of  the  compression  is  really  what  silenced  the  knock  in  t 
Porter-Allen  engine ;  it  was  no  change  in  the  arrangement  of  t 
counter-weights,  or  of  the  weight  of  the  reciprocating  parts. 

Mr,  Scott  A.  Smith. — I  had  no  reference  to  the  connter-weig 
or  balancing  of  the  crank;  it  was  simply  the  heavy  piston  to  ta 
up  the  blow  from  the  steam  which  exists  in  a  Porter-Allen  engi 
as  formerly  made,  from  the  fact  that  to  get  a  short  cut-off  it 
necessary  to  open  the  valve  before  the  piston  gets  to  the  end  of  t 
stroke,  as  just  explained. 

Mr.  Jesse  M.  Smith. — That  is,  the  piston  had  to  be  stoppled 
lead — by  letting  in  live  steam  rather  than  compressing  the  stes 
already  there. 

Mr,  Scott  A,  Smith, — That  is  exactly  the  idea. 

Prof.  Denton. — I  regard  this  principle  of  acceleration,  and  tl 
stopping  of  the  noise  of  the  Porter-Allen  engine,  as  two  differc 
things.  I  remember  distinctly  an  engine  in  which  the  rappi 
occurred  and  they  tried  to  reduce  it  as  much  as  they  could,  and 
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was  never  aatisfactorily  done  until  this  matter  of  lowering  the 
connection  of  the  link  was  made,  thus  getting  the  extra  cnsbion. 
You  conld  put  ^'our  ear  to  the  engine  afterward,  and  every  pulsa- 
tion which  formerly  yon  could  hear  a  hundred  feet  off  you  could 
just  distingnish.  But  acceleration  reduces  the  total  pressure  on 
the  crank-pin  at  the  beginning  of  the  stroke,  and  distributes  it 
more  evenly  and  tends  to  make  the  rotation  more  uniform,  and 
would  not  produce  these  effects  I  speak  of,  like  shearing  off  the 
pin  by  the  jerky  action  of  the  fly-wheel,  which  cannot  he  seen. 

Mr.  Scott  A.  Smith. — In  the  Corliss  engine-Mr,  Corliss  never, 
so  far  as  my  experience  went,  found  it  necessary  to  nse  any  com- 
pression. In  fact  you  could  not  get  compression  on  his  engine 
using  one  eccentric.  Compression  was  not  necessary,  from  the  fact 
of  the  non-opening  of  the  steam  valve  with  such  suddenness  as 
exists  on  the  Porter-Alien  engine,  as  explained.  I  think  this  is  a 
subject  of  a  good  deal  of  interest,  and  to  be  followed  out  to  its  end. 

The  President. — The  chair  would  like  to  second  the  Buggestioa 
made  by  Professor  Thurston,  that  In  a  paper  having  so  much  value 
and  original  matter  it  is  very  desirable  that  the  whole  of  the  math- 
ematical work  should  be  included,  and  for  one  reason  additional  to 
those  mentioned  by  Dr.  Thurston — namely,  that,  to  an  increasing 
extent,  the  papers  and  transactionfl  of  tlie  Society  are  gaining  cur- 
rency in  a  direction  tbat  wo  are  all  glad  of — namely,  among  engi- 
neers in  other  countries;  and  that  while  the  record  to  which  he 
refers  may  be  in  another  series  of  transactions  accessible  to  Ameri- 
can engineers,  it  might  not  also  be  accessible  to  foreign  engineers. 
I  suggest,  therefore,  that  it  would  be  better  to  have  the  whole  of 
the  mathematics  of  the  subject  incorporated  with  the  paper. 

Prof.  Jacobus. — I  thank  the  gentlemen  for  their  expression  of 
approval  of  the  paper,  and  shall  be  glad  to  present  the  complete 
mathematical  analysis  for  publication  by  this  Society.* 

With  reference  to  that  part  of  the  discussion  in  which  compres- 
sion and  counterbalancing  have  been  compared,  I  agree  in  the 
main  with  what  has  been  said.  (Compression  has  an  internal  effect 
upon  the  engine,  while  the  effect  of  counterbalancing  is  external. 
The  effect  of  compression  is  to  introduce  two  equal  and  opposite 
forces  in  the  engine,  one  acting  on  the  piston  and  the  other  on  the 
cylinder  head ;  and  two  such  forces  have  no  external  effect — that  is, 
they  do  not  affect  the  motion  of  the  engine  as  a  whole  and   thus 
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produce  a  shake.  Counterbalancing,  or  the  introdnction  of  an 
additional  mass  into  any  one  of  the  moving  parts,  mast,  however, 
affect  the  motion  of  all  the  others,  and  will  therefore  alter  the 
shaking  of  the  bed.  Smoothness  of  running,  if  it  means  absence 
of  internal  pounding,  is  affected  by  compression,  while  if  it  in- 
cludes non-shaking  of  the  bed  it  is  affected  by  the  counter-weight 
I  agree  with  what  Prof.  Denton  has  said  in  regard  to  the  effect 
of  ununiform  rotation. 

[Note. — By  reason  q{  a  delay  iu  the  issue  of  tlie  AnnaU  of  MathemaHe9  tot 
February,  1890,  the  mathematical  basis  of  the  paper  could  not  be  appeoded  to  it, 
as  suggested,  without  entaiUng  inconvenient  delay  in  issuing  the  TVansaeHont, 
This  part  of  the  paper  has  therefore  been  made  an  appendix  by  itself  totheBeoond 
part  of  this  volume. — Seci*eiary,] 
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4.  S^raarks  on  machine  used  in  testing  to  accampany  test  i 

^^^H 

^^^^1  . 

n.  AmpliGciLtion  of  results  of  teale,  b^  stating  sonrce  of 

tOs 

Ipicnes,  ttc,  etc.    ^^^| 

^^^^1 

6.  Influence  of  time  on  teals. 

^^^1 

^^^H 

7.  Determinatiou  of  that  qiialily  of  tlie  malerlnl  for  wLi 

icb 

it  is  selected,            ^^| 

^^H 

S.  Drop  tests  tn  bci  made  when  material!)  are  subject 

to 

impact  while  in    ^^H 

^H 

8,  Standard  drop  lest  apparatus. 

^1 

^^H "' 

Toting  of  Wrought  Iroti.  and  Sted. 

A.  Ralls,  No9.  1-8. 

B.  Ailea.  Noa.  1-3. 
(.'.  Tyres,  Nos.  1-8. 

D.  Multiple  or  piece  tests,  Nos.  1-3. 

^.  Wronght  iron  for  bridge  construction.  Nob.  1-3. 

P.  Low  atcels  for  bridge  oonstructlon.  Nos.  1-3. 

O.  Wrouglit  Iron  for  boilers,  No;-.  1-3, 

n.  Low  steels  for  boilers,  Nos.  1-5. 

/.    Wire,  Noa.  1-8. 

K.  Wire  rope,  Noa.  1-2. 

L.  Observations  in  tension  teats,  Nos.  1-3. 

M.  Form  of  te.it  pieeea,  for  tension  tests,  Nof.  1-T. 

1 

■ 

u          m 

.  TfUofMttirim.Not.l-'.. 

^^^^H 

^^      IV, 

,  Te»ti  ofeopper,  bnma>,  and  other  melnt*. 

^^^^H 

^^fe  '^' 

Tt^iofaood,  Not.  1-7. 

^^^H 

^^H    Tt 

^^^H 

^^^H     Tn,  TttUofaonB. 

^^H 

^^^ 

A-   Stone  In  generul— B^aislance  to  boring  and  workinp. 

Ni 

^^^1 

^^^^ 

B.  Building  stones 

^^^^1 

w 

a.  Nutural  building  stone,  Nos.  1-11. 

^^^^1 

1 

0.  Anlfldal  building  stone,  Nos.  1-9. 

^^^1 

^^^^^  • 

0.  PaTemontB  anJ  ballast,  natural  and  artificial,  Nos.  1- 

11. 

^^^H 

^ 

D.  Testa  of  mnterials  for  prFserrtng  natural  and  artiflcii 

It  atone,  Nof.  1-6.       ^^H 
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VIII.  Tests  of  Hydraulie  CemenU 

A.  In  general,  Nos.  1-3. 

B.  Classifioation,  Nos.  1-6. 

C.  Testing. 

1.  Weight. 

2.  Grain  (fineness). 
8.  Setting. 

4.  Stability  of  vol  an  e. 

6.  Test  of  resistance.  « 

6.  Adhesion. 

7.  Proportions  of  hydraulic  cements  in  morlara. 


INTRODUCTION. 

It  is  hardly  necessary  at  tliia  day  to  fnrniali  proofs  that  teets  of 
tte  reeiBtance  o£  materials  ean  only  be  compared  when  they  have 
been  made  according  to  a  unifyrm  standard  method. 

Even  the  standard  rules  for  furnishing  and   testing  Portland 
cements,  which  were  established    by  the   association   of  German 
cement  manufacturers  as  long  ago  as  1876,  resulted  from  the  per* 
eepiion  that  snch  agreement  was  necessary.     Likewise  the  specifi- 
cations for  furnishing  axleB,  tyres  and  rails  of  Bessemer  metal  and 
steel,  which  were  proposed  in  ]8"9  by  the  general  convention  of 
the  SBsociation  of  railway  managers  of  Germany,  advising  their 
adoption  by  the  managers  of  the  association.*    But  these  first  steps 
to  eslablisli  standard  methods  of  testing  emanated  from  quarters 
wjiieh  from  their  nature  included  only  technical  specialiflta  ;  on  the 
one  band,  purely  manufactnrersj  and  on  the  other,  parelj  consum- 
ers; and  although,  in  establishing  these  standards  or  norms,  it  was 
^nglit  to  make  them  as  unprejudiced  aa  possible,  particular  inter- 
Kts  predominated,  and  this  was  urged  against  them  on  behalf  of 
the  opposite  party. 

Moreover,  these  deliberations  related  to  one  group  of  materials 
aione.  For  this  reason  it  was  certainly  an  apposite  undertaking 
™6ii,  in  the  autumn  of  1884,  profesaional  men  of  the  most  varied 
•wiiuioi]  callings  assembled  at  Munit-h,  to  attempt  to  formulate 
''"■form  methods  of  testing  of  all  of  the  more  important  materials 
of  construction. 

E'entunlly,  a  number  of  important  questions  were  agreed  upon  ; 
'^f'sin  others  were  referred  to  a  standing  committee,  which,  later, 
considered  them  primarily  by  letter  and  discussed  them'  orally,+ 
'*'eron,at  two  meetings  held  at  Munich  2l8t  and  22d  of  September, 


I 


"TL( 


properdea  of  Iron  and  strel.  VIII.     Supplementary  volume  of  tlie  pnbli- 


"Iwns  of  the  progress  at  railway  c^Il9 traction.     Wiesbaden 

tThedeiailed  report  giriog  the  tranBactlons  of  the  conference  at  Muntcb,  and 
11^°  ronsiitutioa  of  lis  ntandlo^  eummittee  are  contained  id  the  XlVth.  part  of 
^iiilieitungen  aus  dem  mecbanieoh-teclinischen  Laboratorium  der  tvchnlBehen 
"wliwhiiie  Manchen."    (Munich,  Theo,  Ackerminn.) 
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1885 ;  finally,  the  results  and  conclusions  were  presented  at 
second  general  conference  held  at  Dresden,  September  20  an< 
1886.  The  latter  concurred  in  most  of  the  conclusions  presen 
but  there  still  remained  a  number  of  unsolved  problems  w 
again  were  entrusted  to  a  second  standing  committee,  whose  c 
it  should  be  to  discuss  them  and  then  present  their  findings  I 
third  conference  to  be  convened  in  the  fall  of  1888  at  Bei 
Meanwhile,  the  conclusions  arrived  at,  as  well  as  the  questions f 
undetermined  were  to  be  collated  in  a  convenient  form  in 
shape  of  a  pamphlet  to  be  as  widely  distributed  as  possible. 

This  task  was  confided  by  the  Dresden  conference  to  the  c( 
mittee  mentioned  on  the  title  page. 

In  presenting  this  pamphlet  as  the  result  of  our  work  we  can 
resist  expressing  the  wish  that,  in  order  to  make  it  fulfil  its  misE 
as  nearly  as  possible,  it  may  keep  alive  the  interest  in  the  ain 
the  conferences,  and  to  call  it  into  existence  in  such  quarters  wl 
heretofore  have  held  aloof. 

To  further  this  object  we  deem  it  necessary  that  we  state  1 
each  conference  is  a  voluntary  assembly  of  men  assembled  f( 
free  exchange  of  opinions  upon  the  best  methods  or  system 
testing  particular  materials,  which  are  to  serve  certain  purpc 
If  resolutions  are  voted  at  these  conferences,  they  can  only  det 
which  method  of  procedure  is  considered  the  best  by  the  majo 
of  those  present. 

According  to  the  first  resolution  of  the  first  conference  "die 
cussions  are  to  be  free,  and  the  resolutions  not  binding."  Tl 
are  no  obstacles  to  a  subsequent  conference  resuming  a  qnes 
which  liad  been  decided  by  a  previous  one,  in  order  to  be  aj 
discussed  and  voted  upon.  Methods  of  testing  cannot  remain 
same ;  they  rmiat  he  developed  in  accordance  with  our  incre€u 
knowledge  of  the  properties  of  mcUerials  used  in  construcU 
with  the  improvements  made  in  their  production;  with  the  a< 
tion  of  new  materials  for  the-  same,  etc.,  etc,  etc. 

It,  therefore,  becomes  necessary  that  those  who  take  interes 
testing  materials,  from  a  scientific  standpoint,  or  because  they 
manufacturers  or  consumers,  assemble  from  time  to  time,  in  o: 
to  deliberate  afresh,  exchange  opinions,  and  to  mutually  learn 
teach,  and  then  as  a  result  of  their  deliberations  agree  upon  m 
ods  of  testing  which  are  by  them  or  at  the  least  by  the  majo 
considered  the  most  satisfactory,  to  be  adopted  for  the  t 
being. 
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In  tlie  following  collation  the  resolutions  already  adopted  are -I 
printed  in  ordinary  type,  their  cauBation  in  small  type,  while  those  1 
qneBtiona  referred  to  the  standing  committee,  as  well  as  the  un- 
solved problems,  are  in  italice: 

1.  GENERAL  DETERMINATIONS. 


1.  Every  t^aiing  mac/dne  must  be  so  arranged  that  it  can  be 
readily  and  accurately  tested  or  rated. 

The  eonstnietion  thereof  nmst  be  such  that  when  properly  oper- 
ated all  impact  due  to  loading  is  avoided. 

This  property  appertains  as  well  to  hydraulic  as  to  screw  ma- 
chines. 

For  practical  purposes  an  arrangement  for  malting  tlie  machine  | 
work  automatically  is  not  necessary. 

2.  Good  ahadies  or  holders  must  be  bo  constructed  that  the  tea-  i 
sion  or  pressure  be  distributed  as  uniformly  as  possible  over  the! 
cross  section  of  the  test  piece. 

Tlierefore  theretpiireroents: 

a.  /or  Compression  Tests : 

a.  Free  and  easiest  possible  motion  of  one  of  the  tables  or  sup- 
ports in  all  directions. 

b.  The  surfaces  on  which  the  pressure  is  applied  must  be  as 
nearly  as  possible  parallel,  and  for  this  end  they  mnat  be  planed  or 
turned  when  the  material  permits  it. 

(3.  /or  Tension  Tests  : 

Free  and  easy  movement  of  the  test  piece  for  adjustment  at  thej 
beginning  of  test.  These  conditions  are  fulfilled  according  to  ex-  ' 
peri  en  ce. 

For  round  rods,  by  the  ball  bearing,  most  satisfactorily  such 
with  undivided  spherical  shell. 

For^(  bars,  pinhole  with  pin,  and  with  one  hole  and  bolt  at 
each  end  only,  or  milled  ends  and  corresponding  wedges. 

Punimer's  Holder,  a   kind  of   universal  joint,  with  two  knil 

edges  at  right  angles  to  one  another,  is  recommended  for  verti 

machines,     "  /te  use  in  horisontal  machines,  however^  as  wtU  at  A 

«w  of  others  which  may  yet  he  proposed  or  designed,  are  refer\ 

I  to  thf  Koond  standiitg  committee  for  furtlier  study. ^' 
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The  nse  of  serrated  wedges,  i.e.^  of  snch  steel  wedges  which  fo 
themselves  into  the  test  piece,  are  to  be  discarded.* 

3.  Any  one  standard  form  of  machine  for  testing,  in  daily  pn 
tice,  cannot  be  recommended  ;  it  is,  however,  to  be  mentioned  th 
a  number  of  the  well-known  apparatuses  answer  their  particuli 
purposes  more  or  less  perfectly. 

4.  To  the  results  published  by  the  experimenter,  are  always  to  b< 
annexed  snch  short  notes  upon  the  machines  and  methods  enjplojec 
as  are  necessary  in  judging  of  the  value  of  the  results  obtained. 

5.  To  the  results  of  tests  obtained  are  to  be  added,  whenevei 

possible,  in  addition  to  the  source  of  the  test  piece,  a  m]cro6copi< 

or  chemical  examination,  or  both,  as  well  as  notes  on  tlie  process  o: 

manufacture  of  the  test  piece,  and  other  pJiysical,  chemical,  o 

technical  characteristics. 

Sudi  amplification  of  the  results  of  ttsts  will  rarely  be  possible  in  rouUneUitini 
it  is,  however,  highly  desirable,  and  never  to  be  neglected  in  scientific  resetiche 

6.  The  influence  of  time  on  the  results  of  tests  of  materials,  aooorc 
ing  to  Fischer  and  Hartig,  cannot  be  doubted  ;  but  the  construction  t 
an  apparatus  showing  the  relation  betu^een  the  results  obtained  aid  if 
rate  of  testing  was  connected  v>ith  many  difficulties.  Prof.  Har^ 
was  successful  ouly  shortly  before  the  assembling  of  this  confer ewt 
Ite  will  continue  his  investigations  and  report  them  to  the  next  oofofe 
ence  to  be  convened. 

7.  The  materials  are  to  be  tested  for  those  qualities  or  properti 
for  which  they  are  adopted  in  construction. 

The  quality  of  a  material  itself  is  the  resultant  of  all  of  its  mechanical  prop 
tien.  As  long  as  tl.e  interdependence  of  these  several  properties  is  unknown, 
that  the  existence  of  several  might  lead  to  the  determination  of  others — and 
are  still  far  from  that  point — so  long  the  observation  of  a  few  ef  the  propert 
will  not  be  sufficient  to  judge  of  the  applicability  of  the  materials  fordifFeii 
purposes,  and  they  must  be  tested  for  those  properties  for  which  they  are  adop 
in  constructlon.f 

8.  Such  materials  which  are  acted  upon  by  percussion  or  she 
in  structures  are  to  be  tested  by  drop  tesiSj  in  order  to  detenni 
their  cliaractei\ 

9.  The  drop  tests  are  to  be  made  by  means  of  a  sianda 
"  d?*op,^^     For  such  the  following  essentials  were  adopted  : 

*  For  description  and  sicetches  of  the  above  recommended  holderiii,  see  P 
XIV.  of  the  "  Mittheilungen  aus  deni  mech.  techn.  Laboratorium  d(r  tecl 
Hochfchule  Mttnchen,"  pp.  287-290,  and  Table  II. 

f  The  detailed  discussion  of  this  decision  is  given  in  Part  XIV.  of  the  '*M] 
heilungen,"  etc.,  pp.  156-160. 
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a.  It  WBB  not  coneidered  advisable  to  adopt  the  (complete  design 
I  of  a  etatidard  "drop,"  but  accurate  requireiiientB  are  to  be  exacted 
)  for  those  details  wliicli  can  influence  tbe  results  of  testa. 


was  thought  necesaar7  lo  Iwar  in  mind  tboso  existing  "  drops,"  which  (or 
I  the  most  part  conform  in  thairesseotial  parls  to  the  followiiif;  requirerui-utg. 

J.  Every  "  drop  "  ia  to  be  standardized. 

It  IB  not  iiDposiible  that  dropB,  which  liad  betn  coLiBlrncted  nrlth  ull  poyelble 
I    oare,  give  erroneous  results,  ad'ccted  iiy  unavoidable  influences. 

c  With  due  regard  to  the  existing  drops,  and  as  the  resalta  are 
■  dependent  only  upon  tlie  work  done,  drop  weights  of  500  kilos. 
I  (1102.25  Ibe.)  and  600  kilos.  (1322.82  Ibe.)  were  considered  appli- 
I  cable;  the  500  kilos.  (1102.25  lbs.)  weiglit  is,  howeverj  strongly 
1  recommended  for  adoption. 

d.  The  weight  may  be  made  of  cast  iron,  east  or  wrought  steel ;  the 

ahape  is  to  be  such  as  to  place  its  centre  of  gravity  as  low  as  possible. 

The  face  of  tiie  weiglit  ia  to  be  made  of  forged  steel,  and  to  be 

placed  accurately  symmetiical  to  the  vertical  axis  througii  the  centre 

of  gravity  of  the  weight  by  dovetail  and  wedges.     Special   marki 

i  are  to  indicate  Che  accuracy  in  this  respect. 

The  vertical  line  through  the  centre  of  gravity  of  the  weight  ] 

tnuBt  be  ccntrHl  to  the  guides.     Special  marks  on  the  anvil  are  to  ] 

I  indicate  this  centre  line. 

«.  The  length  of  the  guides  on  the  weight  shall  be  greater  than  ' 
I  twice  the  clear  widlh  between  the  guides. 

The  guides  are  to  be  made  of  metal,  i,  e.,  rails,  and  to  be  bo 
I-  constructed  that  the  weight  has  very  little  play.  Oreasing  the 
f  guides  with  grapliite  is  lecom mended. 

_/.  Detacliment  or  Release  must  not  produce  oscillation  of  the   ! 
^  weight  between  theguidee,  and,  therefore, 
the  escapement  must  be  easily  and  freely 
controllable.     The    point    of    auspenaion 
must  be  truly  above  the  centre  of  gravity 
of  the  weight.     Between  eecapement  and 
the  weight  there    ia  lo  be  a  short  mov- 
able link  ;  i.  e.,  chain  or  rope.  Tbe  metliod 
r  officially  employed    in   Russia  ia  particn- 
I  larly  racommended,  as  shown  in  Fig.  105. 

ff.  With  constant  height  of  fall,  an  automatic  detaching  devioe  & 
.  recommended. 
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h.  The  bearings  for  the  test  piece  are  to  be  rigidly  attached 
the  scaffold  or  frame,  i.  e.j  to  be  wedged  fast. 

Tbe  bearing  blocks  sbould  always  be  as  nearly  as  possible  in  one  pieee  intli 
scaffold  or  frame. 

I.  The  weight  of  the  frame  and  anvil  block  shall  bo  at  least 
times  that  of  the  drop  weight. 

luasmuch  as  tests  with  tbe  ballistic  drop  and  with  an  ordinary  drop  which] 
a  weight  of  anvil  of  only  four  times  that  of  the  weight,  gave  sofSicieotly  coi 
spouding  results  (see  Kick  "  on  the  law  of  proportional  resistances  " )  it  may 
confidently  assumed  that  with  a  tenfold  weight  of  frame  and  anvil  block  t 
results  will  invariably  be  comparable. 

k.  The  foundation  shall  be  inelastic  and  consist  of  masonry,  tl 
magnitude  of  which  should  be  determined  by  the  locality  and  en 
soil. 

I.  The  surface  struck  should  always  be  level ;  therefore,  prop 
shoes  or  bearing  blocks  are  to  be  attached  when  testing  rails,  axl( 
tyres,  springs,  etc.,  etc.,  to  provide  an  upper  flat  surface.  Tli€ 
blocks  are  to  be  as  light  as  possible. 

A  uniform  drop  weight  with  flat  surface  of  contact  is  recommended  in  orde 
simplify  its  possible  reconstruction  as  a  standard  drop  and  to  require  but  kAi 
calibration  according  to  §  o  and  §  p, 

m.  In  regard  to  the  shape  of  bearing  blocks  and  caps,  no  dii 
tions  are  as  yet  given  in  view  of  the  still  missing  results  of  exp 
ments ;  it  is,  however,  recommended  that  a  description  of  the  ei 
shapes  used  be  given,  whenever  reports  of  tests  are  published 
when  certificates  of  test  results  are  issued. 

n.  Drops  up  to  6  m.  (19.68  ft.)  high  ought  to  be  considered  more  reliable  i 
those  of  greater  height,  and  it  is,  therefore,  recommended  that  6  m.  (19.6( 
be  not  exceeded.    For  heavier  tests  a  drop  weight  of  1000  kilos.  (2304.7 
ought  to  be  used. 

Drops  up  to  6  m.  (19.68  ft.)  high  can  be  more  readily  erec 
under  cover  and  with  greater  reliability ;  they  are  less  liabL 
alteration  of  detail  than  those  that  are  larger. 

0,  The  work  of  impact  is  determined  by  the  eflFective  weight 
the  distance  through  which  it  falls.     The  total  mass  of  the  wei 
dropped  is  to  be  so  rectified  that  the  effective  weight  is  a  con\ 
ient  number,  t.  ^.,  500  kilos.  (1101.25  lbs.). 

Comparable  results  are  only  obtainable  when  the  loss  due  to  friction  is  coi 
ered  or  eliminated. 

p.  The  following  methods  can  be  adopted  to  determine  tbe  ef 
tive  weight  of  the  drop : 

a.  A  spring  balance  of  proper  force  is  attached  between 
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weight   and  the  lifting  rope,  and    the  indication    read  while  tliffl 
weight  is  slowly  descending ;  thus  the  dead  weiglit  leas  the f rietioB ■[ 
is  obtained.     While  rsieing  the  weight,  the  dead  weight  plus  the 
friction  is  found, 

p.  The  weight  of  the  drop  is  determined  by  tiie  effect  produced 
by  the  blow  due  to  &  given  drop  upon  a  standard  plug  of  best  stay- 
bolt  copper  placed  exactly  central,  and  which  has  an  exact  shape 
and  weight  which  are  still  to  be  determined. 

q.  Such  standard  copper  plugs  are  also  to  be  ueed  to  compare 
different  drops  and  to  standardize  them. 

The  Standing  Committee  shall  advocale,  conjointly  with  t}i£  Direct- 
ing Committee  c^  the  royal  technical  testing  insUttdions  at  Berlin,  that 
ths  several  eataUiakm^nta  under  its  direction  shall  be  intrusted  with 
the  preparation  and  control  of  the  standard  copper  plvgs  to  be  used  in 
the  calibration  of  drops,  and  (liese  plugs  are  to  be  accompanied  vAth  a 
table  giving  t/ie  cJiatiges  of  form  produced  by  the  application  of  work 
due  to  blotcs. 

r.  Drops  which  have  an  absorption  of  work  due  to  friction  ofa 
more  than  2^  of  that  produced  by  shock  are  to  be  discarded. 

VoT govrrning drop  ttiits  only  the  nioat  perfect  drops  are  to  be  used,  while  a 
the  other  hand  all  iLose  i>oor1jr  iioDstrucled  or  entertaitied  are  lo  be  avuided. 

For  the  method  of  testing,  the  following  principles  are  laid  down  : 
s.  The   standard  drop  is  intended  principally  to  test  whole  or 
finished  pieces,  such  as  rails,  axles,  tyres,  springs,  etc.,  etc. 


Tests  of  Hpeciull;  prepared  pieces  are  of  tbe  greatest  value,  bul 
for  tbe  conBiractJoD  of  a  special  small  drop  or  tbe  establiabment  of  mka  tor  the 
oxm:i]t)ol)  of  eucb  leeta  are  not  cociridered  advisable,  iuasmuch  as  such  testa  are 
primBTil;  of  a  ecieoliltc  character.  Tbe  construction  of  sncli  smaller  apparataa 
tot  public  laboratories  and  tbe  execution  of  guiding  tests  or  Inveetlgations  are  to 
be  recommeaded  to  tlie  proper  autboritiea. 

t.  The  guides  are  always  to  be  in  a  truly  vertical  position,  and 
this  as  well  as  correct  position  of  the  weight  in  the  guides  is  always 
to  be  ascertained.  Tbe  point  of  impact  vertically  below  the  centre 
of  gravity  of  the  weight  is  to  be  carefully  marked  on  the  anvil  and 
ill  to  be  verified  before  each  test,  in  order  to  place  that  point  of  the 
test  piece  to  be  struck  exactly  below  the  centre  of  gra 
weight,  and  the  test  piece  must  be  so  placed  that  no  tilting  or  di*.  ■ 
placement  is  produced  by  the  impact. 

u.  Inasmuch  as  the  work  done  in  a  drop  within  very  wide  liinitS'l 
s  dependent  only  upon   the  product  of  effective  weight  by  the  1 
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height  of  fall,  but  not  upon  the  magnitude  of  either  of  the  fkcton^ 
it  is  recommended  to  adopt  the  metre-ton  as  the  measure  of  wcA, 
and  for  the  work  to  be  done  only  such  quantities  which  are  mnlti- 
pies  of  five  hundred ;  the  divisions  on  tlie  scale  must  then  be  divided 
into  half  metres  instead  of  metres. 

V,  It  is  recommended  to  adopt  sliding  scales  in  order  ta  be  able 
to  place  the  zero  point  always  on  a  level  with  the  top  of  the  test 
piece. 

w.  At  present  it  is  considered  suflScient  if  deflections  of  test 
pieces  1.0  m.  (3.28  ft.)  to  1.5  m.  (4.92  ft.),  between  bearings  be 
determined  to  1  mm.  (0.0394  in.). 

X.  With  the  view  of  making  results  of  tests  comparable,  it  i> 
recommended  when  publishing  results  of  tests  to  annotate  * 
details  of  procedure  during  the  test  (i.  e,  the  order  of  blows,  wheth< 
continuous  or  intermittent,  whether  the  test  piece  was  reversed  ' 
not),  as  well  as  all  details  of  behavior  of  test  pieces. 

y.  The  Standing  Committee  shall  examine  new  propositions  for  drc 
and  drop  tests,  and  particidarly  gather  and  collate  published  expc* 
merits  and  researches  tvith  tlw  view  of  establishing  a  standard  mUh 
of  test. 

II.  TESTING  OF  WROUGHT  IRON  *  AND  STEEL. 

A,  Bails, 

1.  Rails,  for  reasons  of  safety  of  traffic,  and  in  accordance  witl 
the  decisions  under  I.  No.  8,  must  be  subjected  to  the  drop  ies. 
by  means  of  proper  technical  arrangements  (standard  drop,  se 
I.  No.  9). 

2.  When  further  knowledge  of  the  quality  of  the  material 
desirable,  the  tension  test  is  to  be  made. 

3.  Finally,  rails  should  be  subjected  to  bending  test  (by  stat 
load)  and  in  two  ways:  one  to  determine  the  "  yield  point"  b 
permanent  set;  the  other  to  determine  the  amount  of  permanei 
deflection  under  excessive  loads  beyond  the  elastic  limit. 

That  tension  tests  alone  were  not  sufficient  for  testing  rails  was  tbe  aniven 
opinion  of  the  Munich  Conference.  The  contradictions  of  the  results  of  such  tef 
as  empliasized  by  Tetmajer^  and  as  demonstrated  on  Finnisli,  Swiss,  and  Freni 
railways,  plainly  gave  evidence  to  the  contrary.     If,  on  the  one  hand,  these  co 


*  This  name  is  adopted  in  contradistinction  to  cast  iron,  and  is  intended 
include  weldable  iron  and  low  steels. 
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Saat  tae  the  result  of  tbe  fact  iliat  llie  rails  are  Enbjected  to  sIkhIi,  and  on 

iltw  bind,  Ihe  icDsiou  teel  meruly  indjcaiea  tbe  Fharncter  of  a  amall  part  of 

dl  aectloD,  it  certsiDty  eeems  advisable  Lo  ttij  more  stress  apoa  tbe  drop  and 

jlng  t«ets,   bnc   euphaxizln^  tlie  applir^tloD  of  proper  apparstuB,   for  Ihe 

WT.  ciipeclallj  [lie  stnndnrd  drop.     As  tlie&e  latter,  liowervr.  d<i  not  give  as 

rh  iDformalion  Rl>oiit  tlie  cliaracler  of  the  material  as  tension  teetii,  particu- 

.0;  vUeu  accimiianiecl  bj  chemical  •natj^?,  tbe;  maat  be  stltl  reported  to,  aa 

lo;  IB  (ucb  informaiiou  is  desirable.     With  our  companiilvely  limited  eiperU 

w>  ihas  far  gained  in  Ihal  respert,  tbix  will  ao  doubt  have  tr>  be  done  for  Boian 

toil!  Id  name.     Cninpaniiive  results  of  both  kinds  of  te.-'lB  of  tbe  same  material, 

ndi  u  are  now  bting  executed  at  Bedia,  will  have  to  decide  wblch  procedure 

la  to  bo  preferred,  or  nbether  both  are  to  be  iised  bereaCter  cotijoiutl;. 

i.  For  testing  rails  by  tension,  tlie  test  piece  is  to  be  cut  in  reci- 
anfdar fonn.  from  tlie  extreme  eleiiients. 

As  1  caiiGomilant  reason  for  tbe  unreliabilltf  of  lenBion  teeta  of  rails,  in  to  be 
menbtratd  ihe  fact  that  the  teat  pieces  heretofore  were  turned  specimenn  taken 
ficn  tlip  middle  of  the  bead,  and  did  not  at  all  test  tbe  parte  mant  subject  to 
wuf  ind  tear,  such  as  tbe  bead  and  foot ;  and  furthermore,  tbat  the  injarioua 
Wilis  of  eiliciouB  pasos  in  metal,  poured  very  hot,  arn  always  found  near  the 
nrlue  of  tbe  ingots.  On  the  other  hand,  it  is  to  ba  remarked,  that  pure  steel 
wUdifld  by  the  admixiure  of  manganece  cootainB  a  poroas  central  zone  In  tbe 
'"got",  wliicU  may  affect  ihe  tension  teat,  but  in  no  wBy  deterioratea  the  r«tl,  and 
■"■J  ibiig  be  the  canse  of  erroneous  conclusiona,* 


5-  Tlif  forrnvUUion  (^ pivper  rndhods  of  detennining  wear  of  raUa 

■"M?  tyres,  is  synonymaua  with  the  research  of  proper  methods  of  deter- 

"ittting  tceur  in  general,  and  seems  such  a  difficuU  pyrMem.   that  its 

^^vtion  wife  certainly  stiil  require  considerable  time,  and  is  far  the 

pvesent  turned  over  to  the  Standing  Committee. 

6.  Tlie  investigations  relative  to  the  effect  of  different  kinds  of 
iyyes  upon  the  -wear  of  rails  must  be  classified  as  a  special  field  of 
**peratiot!  for  railway  adtniniBtrations. 

B.  A^s. 

!•  Axles  are  to  be  subjected  to  the  drop  test  at  the  middle  as 
*^^1  ae  the  ends. 

.  ^    Tension  tests  of  the  same  are  to  be  resorted  to  when  addi- 
^^>i\  knowledge  of  the  material  is  desirable. 
^-   Axles  need  not  be  subjected  to  the  bending  teat. 

C.  Tyres. 

1.  Tyres  are  to  be  subjected  tlie  same  as  rails  and  axles  to  the 
^^op  tests. 

•  See  pp,  42-53,  Part  III.  of  "  Mittheilungen." 


I 
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2.  Tension  tests  are  to  be  resorted  to  where  additional  iDformal 
is  desired  as  above. 

3.  Hammer  test  is  not  necessai-y. 

D.  Multiple  or  piece  tests. 

1.  It  is  desirable  to  obtain  as  mnch  information  as  possible  ah 
multiple  tests  (tests  of  every  piece  of  a  lot  of  mjoJteriai)  in  order  to 
able  to  formulate  a  standard  method  of  procedure. 

2.  In  the  construction  of  drops  and  testing  machines  the  possSbi 
of  making  multiple  tests  is  to  be  kept  in  view, 

3.  Not  only  axles  are  to  be  kept  in  view  but  also  all  building  i 
structural  pieces  of  iron  and  sled. 

The  multiple  test,  i,  e.,  a  method  which  is  as  rapid  a  test-process  as  poea: 
such  as  a  blow  given  to  each  piece  of  a  delivery  to  judge  of  the  quality,  witb 
however,  doing  any  injury,  is  certainly  as  appropriate  to  assure  a  higher  de^ 
of  certainty,  a^  the  one  now  generally  in  vogue  of  testing  merely  •  x>ercentag 
the  delivery  or  a  number  of  pieces  of  a  load.  It  has  long  ago  been  adopted 
springs,  chains,  pipes,  boilers,  cylinders,  etc.;  as' in  Austria,  where  the  mall 
test  has  heen  frequently  applied  to  axles  with  very  good  results.  On  the  o 
hand,  the  fact  must  not  be  lost  sight  of,  that  its  application  is  combined  i 
considerable  difficulty  for  buyers  as  well  as  manufacturers,  which  might,  li 
ever,  be  overcome  by  the  introduction  of  a  proper  method  of  testing.  For 
reason  the  question  of  multiple  tests  was  referred  to  the  standing  committee. 

jE!   W7*ought  iron  for  bridge  construction. 

1.  Wrought  iron  for  bridge  construction  shall  be  subjected 
the  tension  tests  as  well  as, 

2.  The  bending  testy  and  this  by  a  static  load  applied  by  mech 
ical  means,  the  material  to  be  tested  hot  as  well  as  cold,  and  b 
around  a  stud  uniformly  of  25  mm.  (0.985  inch)  diameter. 

The  conditions  to  be  fulfUed  by  this  mechanical  device  are  t\ 
discussed  by  the  standing  committee. 

3.  The  flattening  or  spreading  as  well  as  fracture  test  need 
be  resorted  to,  as  the  two  tests  above  indicated  sufficiently  cl 
acterize  the  material. 

F.  Low  steels  fot*  bridge  construction. 

1.  Low  steels  as  well  as  wrought  iron  are  to  be  subjected  to 
tension  test,  as  well  as 

2.  The  bending  test,  by  a  static  load  applied  slowly  by  mech 
ical  means,  the  material  being  tested  hot  and  cold,  and  bent  aroi 
a  stud  uniformly  25  mm.  diam. 

Welding  tests  and  determinations  of  hardness  are  not  to  be  made.     The  fori 
because  no  welding  is  done  in  bridge  construction,  aitd  is  indeed  to  be  avoh 
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the  latter  Tor  the  aoTue  reason,  and  becansti  the  cliaracler  of  the  inateri>l  is  Huffl»  , 
I    cieittlj  deteTTnined  by  the  tensiiic  tind  bonding  teats. 

For  special  delail  of  bridges  (iieiring  plftles,  etc.),  liardness  is  indeed  requiredi 
but  special   requirenents   are  then   prescribed   for   theui ;    moreover,   great^  I 
titrength  carries  with  it  greater  h&rdueas. 

G.   Wmnght  iron  for  boiler  work. 

1.  For  tLe  tliree  sliapes  nsed  in  boilers  made  of  wrought  iroD  1 
the  fullowing  teete  are  to  be  made : 

a.  For  plates. 

1.  Tension  test. 

3.  Bending  test, 

3.   Forging  and  pnncliing  tests, 
i.  J^or  angle  irons. 

1.  TenBion  test. 

2.  Bending  test. 

3.  Forging  and  punching  tests. 
c.  J^or  rivet  rods. 

1.  Tension  test. 

2.  Bending  and  forging  tests. 

2.  Anglo  irons  need  not  be  tested  for  their  welding  qn&fitiee, 
[  but  this  ie  desirable. 

3.  Bed  shortness,  whidi  could  be  established   by   tlie   welding 
test,  is  determined  by  the  bending  test  with  hot  specimenB. 

IT.  Low  steels  for  Loiler  construction. 

Low   stoei   (Bessemer,   Martin   and    Thomas   materials),    wlien 

Uking  the  place  of  wrought  iron  in  boiler  constrnction  (stationary 

locomotive  and  marine  boilera,  etc.),  shall,  in  order  to  conform  to 

standard  methods,  l>e  tested  as  follows  : 

1.  By  tension  teat. 

2,  By  the  bending  test,  cold  and  at  a  red  heat.      The  edges  are  j 
to  be  trimmed,  and  for  plates  Hbove  6  mm,  (.236  inch)  thtcknesB 
the  Bpeeimens  are  to  bo  bent  to  a  given  angle,  around  a  stud  uni- 

I  formly  20  mm,  (.983  inch)  diameter,  by  the  use  of  a  slow-oper- 
[  ating  mechanical  device. 

Bf  these  tests  tiie  behavior  of  the  material  when  aotnalljr  worked,  and  its  sait- 
r  Bbilltjr  for  the  work  ie  determined.  The  atud  unlFomilf  25  m.  per  .985  inch 
I'  diameter  is  convenient,  and  hanuoniies  with  most  of  the  present  speciE cations. 

8.  By  the  quenching  test.  The  specimens  with  edges  trimmed 
I  lire  to  be  miifornily  healed  throughout  to  a  dull  cherry  red  (aboat  _ 
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650-650^  (7(1 022-1 202°i<'X  a"^  quenched  in  water  of  at. 
ature  of  25°  C  (7TF\  and  tlien  tested  as  stated  under  2. 

^  Experience  has  tauglit  that  the  softness  of  low  steels  for  boiler  work 
such  that  the  hardness  produced  by  quenching  is  so  slight  that  it  shall  in 
preyent  the  material  from  being  worked  readily.  Material  haying  a  tei 
from  38-42  kg.  per  sq.  mm.  (50,000-60,000  lbs.  per  sq.  in.),  with  20%  el< 
is  generally  suitable ;  but  still  it  is  safer  to  determine  this  point  by  tL 
quenching  test. 

4.  By  the  forging  teat  (spreading  test),  which  is  alwaji 
made  at  a  red  heat. 

The  punching  test  need  not  be  made,  as  punching  of  loi 
plates  is  to  be  avoided,  on  account  of  the  peculiar  incipiei 
tures  produced. 

5.  Addendum :  Those  establishments  which  habitually  c 
steels  are  recommended  to  test  the  material  as  well  for  its  i 
properties. 

The  principal  reasons  against  the  ge>neral  introduction  of  the  welding 
the  difficulty  of  its  execution,  its  dependence  upon  the  degree  of  skill  an 
ence  of  the  workman,  and  also  the  circumstance  that  the  material  is  weldi 
some  difficulty,  but  not  with  such  certainty  that  a  riveted  joint  is  not, 
preferable.  The  rolled  and  corrugated  Fox  boiler  flues  are,  however,  w 
well  as  the  ordinary  flue.«,  and  low  steel  gas  conduits,  but  they  are  all  i 
ally  tested. 

Weldable  low  steel,  moreover,  does  not  harden  when  quenched,  or  o 
slightly,  and  is  much  less  affected  by  temperature,  but  tliis  is  determine 
quenching  test. 

Tests  of  low  steel  plates  after  being  annealed  can  be  omitted ;  the  1 
reasons  make  it  appear  not  advisable  :  Such  plates  are  not  always  ann 
fore  use,  principally  on  account  of  the  cost.  Only  plates  of  small  diao 
rolled  or  curved  while  hot ;  hand  flanging  is  done  by  heating  the  plate 
little  by  little  ;  corrugated  or  pitted  heads  are  no  longer  annealed,  at 
heads  to  prevent  distortion. 

The  presence  of  internal  strain  cannot  be  decided  by  this  teat. 

It  is  difficult  to  determine  the  temperature  at  which  the  material  is  f 
and  this,  as  well  as  time,  exert  considerable  influence.  Deierminationf 
perature  would  make  the  tests  very  laborious.  And,  after  all,  material ; 
to  be  tested  in  the  condition  in  which  it  is  delivered. 

In  favor  of  testing  the  material  after  annealing,  may  be  mentioned  t 
parable  results  of  tests  of  plate  can  only  be  obtained  after  eliminating 
strains  by  annealing,  i,  ^.,  its  natural  condition  ;  also,  that  the  same 
when  rolled  into  plates  of  various  thicknesses  gives  varying  results ;  an 
that  comparisons  of  testa  of  the  material  as  from  the  rolls  and  annealed 
defects,  which  are  produced  by  careless  manipulation  during  fabricatioi 

J,  Wire. 

Wire  is  to  be  subjected  to  the  following  tests : 
1.   Temion  teat 


'  5    W;«^ij,n  Mif 
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I  Winding  i<-si,  and  this  by  meclianismB  which  exclude  arbi- 
tMrtness, 

3,  Bending  test,  hy  repeatedly  bending  the  wire  forward  and 
idd,  bv  tlie  use  of  mcchan iGm,  beDding  around  a  stud  unitbrmly 
Smm.  diam, 

bablisLing  h  8tjd  at  deGnite  diameter  precludes  tlie  abomi liable  habit  of 
rbucpLDgibe  wire  in  «  vire  with  sqiutr^  ji^ws.  over  vliich  the  wire  is  bent  (or- 
Mtdindbnckirard. 


K.     Wire- 


•ope%. 


IVire-ropes  are  to  be  tested  by  : 

1.  7Vn«oji  test. 

3.  Teat  by  impact  and  conousmon  longitiidinall)'. 

'lie  bmdiDg  lest  wqhIiI  oulf  tben  be  valuable  when  applied  to  determlDe  diira- 
"■"J.  bat  that  is.  pmcticallj,  verj  dISluult  unJ  uunecesaiir;,  as  each  wire  in  the 
"'I*  lias  alrendy  been  tested  tor  reverae  beading. 


L.    Measurements  during  the  Terision  Test. 

*•    During  tension   tests  tlie  folitiwing  observations  are   to   be 
Bade: 
*^-  Tenacity. 

"-  Contraction  at  the  point  of  rnpture. 
*^-  Elongation  after  rupture  (compare  under  M,  No.  1). 
*^.  Limit  of  elasticity  or  limit  of  proportional  extensions. 
-^ItWgli  the  tontraciicin  is  determinod  eFHentialif  bj  sbape  and  dimenHions  ot 
^^^^'■ion,  it  is  for  tbat  rcBBon  important  to  eslablisli  standard  dirtctiona  (see  M). 

A.ciuallf  it  would  answer  cbe  purpose  better  to  determiue  the  etougatlon  under 
tbe  maiimum  lusd  or  at  tbe  beginulng  of  ihe  IochI  coDttaction,  but  tbis  point  it 
'»  difflcnlt  to  determine  with  large  machineB. 

This  doDgaiioQ  might,  however,  be  determined  with  sufficient  accuracy  for 
pi^tiul  purposes,  from  two  obserTstinns  which  eliminate  the  local  ialluenceti, 
"Tie  of  which  is  the  elongation  after  fracture  of  a  length  of  10  cm.  and  the  other 
""lofaocm. 

2.  It  is  recommended  for  the  determination  of  the  diixgram  of 
^"'^done  (resilience)  to  make  as  many  individual  or  single  obser- 
'stions^  iQ  case  a  special  apparatus  is  not  already  used  for  recording 
thia  diagram. 

"■  Wlien  taking  such  diagrams  it  is  of  essential  value  to  indicate 
"'ei(W(rate)  of  taking  them. 

t  Wieu  taking  diagrams  the  following  five  points  are  to  be 
oetetinined  with  the  greatest  possible  precision  : 
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a.  Elastic  limit  (limit  of  proportional  extenBions). 
J.  Yield-point. 

c.  Instant  or  point  of  contraction. 

d.  Maximum  load  (drop  of  beam). 
€,  Rupture. 

5.  The  contents  of  the  diagram  of  work  of  resistance  are  to  bo 
considered  up  to  the  point  of  rupture. 

Only  that  part  of  the  work  done  by  the  rod  up  to  the  point  of  oontnetloii 
need  be  determined  ;  after  that  instant  the  part  contracting  is  the  one  mainlj 
doing  work,  and  the  latter  is  of  no  great  value  in  most  stmctaral  materials;  u 
the  determination  o'f  the  area  of  the  diagram  of  work  op  to  the  point  of  roptarf 
can  produce  no  great  error  in  the  whole  value,  it  may  as  yet  be  retained,  t 
the  determination  of  the  instant  of  maximum  load  is  very  difBcalt.  Fanbei 
more,  the  separate  consideration  of  that  part  of  the  diagram  obtained  after  eo^ 
traction  commences  is  desirable,  because  possibly  there  may  exist  some  re1all< 
between  the  extension  of  test  piece  after  that  point  is  reached  and  the  woikdo' 
to  produce  it. 

M.   Shape  of  Teat  Piece  for  Tension  Test. 

1.  Round  rods  are  to  be  prepared  in  four  types,  and  all  of  tl 
same  length  between  points  of  measurement  of  200  mm.  (7J 
in.),  standard  length,  but  with  diameters  of  10,  15,  20,  and  25  rai 
(.394,  .591,  .788,  .985  in.),  according  to  requirements  or  possibilil 

By  standard  length  of  200  mm.  (7.88  in.)  is  to  be  understo 
that  the  turned  part  of  a  specimen  measures  220  mm.  (8.668  ii 
between  shoulders,  and  all  observations  are  made  on  tlie  200  m 
(7.88  in.)  in  the  centre,  leaving  10  mm.  (.394  in.)  at  each  e 
between  gauge  marks  and  shoulders. 
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Fig.  107. 

This  working  length  is  to  be  divided  into  parts  of  10  n 
(.394  in.),  and  the  elongation  after  rupture  (see  X,  No.  1,  c)  is  tc 
determined  as  follows  :  Supposing  the  rupture  to  occur  as  shown 
Fig.  107,  between  divisions  4  and  5.  Measurements  can  be  mj 
to  the  left  from  1  to  5,  or  1  to  10,  adding  0-&  and  1-J  to  each  (ns 
figures  inscribed  above  the  rod)  accordingly  as  10  or  20  cm.  (.5 
or  .788  in.)  was  used  as  standard  length.     Toward  the  right,  h( 
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■,  only  0-3  chd  he  determined,  and  aaanining  tliat  the  elongation  ' 
'  bejond  the  section  contracted  is  identical,  the  value  taken  from  3-6 
'  or  from  3-10  accordingly  as  10  inin,  or  20  mm.  are  aBSnmed  as 
standard  length,  is  to  be  added  to  obtain  tiie  total  elongation  of  10 
mm.  or  20  mm.  In  this  v^y  the  measurements  are  eo  taken  that 
the  elongation  is  nearly  the  same  as  though  tho  rupture  had  taken 
place  ill  the  centre  of  the  Bpecimen, 

Tiiie  dividing  (murking)  and  uieaenrement  of  elongation  after 
niptnre  is  always  to  be  on  two  opposite  sides  of  the  test  piece. 

2.  The  standard  length  ofjlai  rotis  is  the  same  as  for  round  rods, 
200  mm.  (7.88  in.),  this  length  meaning  the  same  thing  in  both 
cases.  The  dividing  or  marking,  as  irell  as  tho  determination  of 
elongation,  ai'e  to  be  the  same  in  the  two  cases. 

For  the  reason  g-iven  under  i,  No.  1,  It  is  reoniomendisci  tn  eitend  tbe  detenni--  ^ 
n&tioD  of  eloitgaiion  to  10  cm.  (.^94  in.)  as  also  [o  20  cm.  (.T8S  in.). 

3.  In  Euch  cases  where  wldtii  and  thickness  of  teat  pieces  of  reo-  | 
\  tangvlar  aection  can   be  chosen  at  will,  the  width  shall  be  30  mm. 

I  (1.18  in.)  and  the  thickness  10  mm.  (.394  in,),  but  in  all  cases  tho:  \ 
i  Bectiun  of  30  x  10  mm.  is  to  be  considered  as  the  standard. 

n  place  of  Uip  wiilili  of  50  mm.  (1.97  In.) , formerly  cuBtomary.  one  of  80  mra. 
(1.18  in.)  is  to  bs  aob^ititutt'd,  with  refereocE  to  [he  emMier  testing  macliines, 
'   largoly  used  in  works,  which  geiterallj  can  eiurt  a  force  of  but  60  tonnes  (59.13 
I  tons). 

Where  the  thickness  is  fixed  in  plates,  the  width  of  test  piece 

[  is  to  be  30  mm,  (1.18  in.)  up  to  a  thickness  of  24  mm.  (.945  in.),  and 

I  fri>m  25  mm.  (.985  in.)  upward  the  tiiiekness  of  plate  is  to  be  chosea- 

)  width  of  teat  piece,  and  this  made  10  mm.  (.3^4  in.)  thick. 

In  order  to  retain  the  surface  produced  by  the  rolls  in  this  case, 

I  the  shoulders  are  to  be  cut  out  of  the  width  of  tho  plate. 

Exceptionally,  where  smaller  testing  machines  onlyarfi  available, 
[  the  limits  of  16  mm.  and  17  mm.  (.630  and  .670  ins.)  may  be 
[  taken  instead  of  24  mm.  and  25  mm.  (.945  and  .985  in.). 

.  Test  piecea  from  H^tt  bars,  angles,  tees,  and  1  beams,  as  well  4 
k  U  channels,  etc.,  etc.,  are  to  he  cut  lengthwise,  in  tlie  shape  of  reo- 
Vioingular  bars  of  200  mm.  standard  lengtli,  and  not  more  than  30 
.  of  width  of  section.  Wiien  the  thickness  of  bars,  angles, 
'ebanncls,  etc.,  etc.,  exceeds  this,  then  specimcDs  are  to  be  i 
lenfftAwige,  so  that  the  whole  section  is  represented  by  the  test 
pieces,  by  taking  two  or  more  lying  parallel  and  side  by  side  in  the 
I  original  bar,  or  aa  sliown  by  Fig.  H,  which  represents  a  ehannel'j 
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6.  The  surface  in  contact  with  the  rolls  must  iuvariably  remain 
on  the  test  pieces. 

7.  The  respective  proper  authorities  are  to  be  requested  to  instnt 
the  testing  laboratories  under  their  supervision  to  undertake,  in  leki 
of  the  general  public  interest,  the  comparison  of  standard  test  piux 
for  tension  tests  as  proposed  by  the  conference. 

The  comparison  of  the  above  round  and  rectangular  types  of  test  pieces  f 
tension  tests  as  to  tenacity,  elongation  and  contraction,  is  such  a  vast  8abje< 
that  it  cannot  be  completed  by  any  one  individual,  and  by  private  means.  Tl 
co-operation  of  all  official  or  governmental  testing  laboratories,  and  govemrnvDl 
financial  assistance  must  be  bespoken  in  behalf  of  this  work. 

ni.    TESTS  OF  CAST  IBON. 

1.  Test  pieces  are  to  be  in  tlie  sliape  of  prismatic  bars  110  c.i 
(43  in.)  long  (100  cm.  standard  length)^  and  have  a  section 
3.0  cm.  (1.18  in.)  square. 

Larger  sectional  area  would,  however,  be  desirable  for  bending  tests  as  well 
for  the  facility  of  procuring  specimens  for  tension  tests,  but  in  order  to  mi 
them  comparable  with  the  fundamental  experimeuts  by  Wachler,  theaN 
dimensions  were  retained. 

2.  These  test  pieces  are  to  be  cast  horizontally.  The  pouring 
to  be  done  at  two  points  simultaneously,  the  gates  being  oue-th 
the  distance  from  either  end.  When  test  pieces  are  cast  difl 
ently,  then  the  method  of  procedure  must  be  exactly  and  carefi 
stated. 

Wachler's  test  bars  were  cast  on  end  (but  it  is  not  stated  whether  poured  f 
below  or  al[)ove),  but  experience  has  taught  that  with  some  kinds  of  iron  them 
chills  too  readily,  when  bottom  poured,  and  experience  in  pouring  from  abov 
still  lackiog.  The  method  of  casting  is,  moreover,  dependent  upon  the  qui 
of  the  cast  iron,  upon  the  skill  of  the  moulder  and  caster,  etc.;  therefore 
above  final  injunction. 

3.  The  pressure  employed  in  the  method  of  casting  as  reqni 
under  No.  2  shall  be  equal  to  a  column  of  cast  iron  15  cm.  hi 

4.  Dry  sand  moulds  are  to  be  used. 

6.  During  the  test  the  points  to  be  determined  are  as  follows 
a.  Resistance  to  flexure  and  work  done  during  bending  uj 
the  point  of  rupture,  using  three  test  pieces. 

5.  The  tenacity  as  determined  from  turned  test  pieces  20  n 
diam.  and  200  mm.  (.785  in.  x  7.85  in.)  standard  length,  out  fr 
the  two  ends  of  the  test  piece  broken  by  flexure,  and  two  of  th 
out  of  each  of  the  three  first  tested. 

c.  Compression,  determined  from  cubes  8  cm.  (1.18  in.)  on  e 
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lida,  cut  from  the  piecee  obtained  by  a,  and  two  such  out  of  each 
bir,  Pressure  to  be  applied  in  the  direction  of  the  axis  of  the 
uriginal  bar, 

6.  Tlic  bars  for  bending,  and  the  t'nbes  for  compreseion  test  are 
to  be  tested  as  taken  from  tlie  sand,  with  tlie  scale. 

"[.  Special  cast  pieces,  such  as  be^iring  plates  for  bridges,  water 
I  pipes,  etc.,  etc.,  are  to  be  snbmitted  to  special  test  in  accordance 
will  the  nsea  to  which  the  pieces  are  to  be  put. 

IT.  TESTS  OF  COPPER,  BRONZE,  AND  OTHER 
METALS. 

Th  atahtishmeni  of  uTti/wm  methods  of  testing  copper,  brotize  and 
ofJei-  (w/«is  required  sudi  mani/old  preparatory  work,  that  no  definite 
t^iH^  have  thus /ar  been  obtained,  arid  the  problem  was  fumed  over 
^OxnUmdiiig  committee  for  further  investigation. 

V.  TESTS  OF  WOOD. 

1.  Necessary  parts  of  a  technical  opinion  of  woods  are  (as  far  as 

Powiiilo):  Information  of  location  of  forest,  the  locality  in  which 
llie  tree  grew  from  which  the  specimens  were  obtained,  whethei- 
crowded  in  a  dense  forest  or  in  an  open  spot ;  from  which  part  of 
uie  tree  the  wood  was  cut ;  finally,  statement  of  age  and  time  of 
jearwlien  felled. 

2.  To  form  a  technical  opinion  on  woods  at  least  three  samples 
we  Decessary,  on  account  of  the  great  difference  existing  between 
"ingle  individuals  and  even  pieces. 

3.  Of  each  test  piece  a  description  of  external  appearance  is  to 
^  given  as  follows ; 

^-  0[  the  longitudinal  eut,  or  better  still,  surface  as  produced  by 
splitting:  making  note  of 

^-  Straight  position  of  fibres  or  otherwise. 

*■  The  presence  or  absence  of  knots  or  ingrown  limh  bnts. 

''■  Appear&w.o  oi  cross  section :  giving 

^  When  examining  leaf  trees  and  all  members  belonging  to  the 
f™  family: 
*'  The  average  radial  width  of  rings  in  mm.; 
"■  The  increase  or  decrease  or  the  change  of  width  of  rings  on 
""^-''alf  diameter; 
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y.  Circular  or  eccentric  arrangement  of  rings,  and 
6.  In  all  pines  the  average  proportion  of  spring  and  autQmn 
growth  of  all  the  rings. 

4.  The  specific  weight  of  each  test  piece  is  to  be  determined  in 
the  condition  of  moisture  in  which  it  happens  to  be  tested  as  well 
as  after  thorough  drying  in  a  temperature  of  from  101  to  105**  0. 
(214-221°  F.).     The  difference  in  moisture  in  these  two  condltionJ 
is  also  to  be  determined. 

5.  Compression  and  transverse  tests  are  to  be  the  means  of  detei 
mining  the  solidity  or  strength  and  resilience  of  woods. 

a.  For  the  compression  test  prismatic  blocks  are  to  be  used,  ha* 
ing  a  section  of  10  cm.  by  10  cm.  (3.94  x  3.94  in.),  and  a  length  < 
15  cm.  (5.91  in.),  with  exactly  concentric  position  and  parallel  bea 
ing  surfaces. 

J.  Transverse  strength  is  to  be  determined  from  prismatic  pieo 
10  cm.  by  10  cm.  (3.94  x  3.94  in.),  in  cross  sections,  160  cm.  (63 
in.)  long,  with  150  cm.  (59.1  in.)  c,  to  c.  of  bearings  The  point 
application  of  the  force  is  to  be  protected  against  injury  by 
rider  of  2  cm.  (.788  in.)  thickness,  and  20  cm.  (7.88  in.)  length 
other  satisfactory  means.  Flexure  is  to  be  carried  up  to  mptni 
Kupture  of  single  bundles  of  fibres  or  splitting  in  or  separation 
layers,  is  not  to  be  considered  as  rupture. 

c  The  fibre  strains  at  the  time  of  rupture  are  to  be  determin 
from  the  usual  formulae  for  fiexure,  under  the  assumption  that 
is  applicable  up  to  the  instant  of  rupture. 

d.  The  determination  of  the  resistance  or  quality  of  the  wood 
effected  by  means  of  the  woi^k  done  dnnngfleoiyure  by  the  test  pi< 
of  above  dimensions,  represented  by  the  diagram  of  resistance 
to  the  instant  of  maximum  load. 

6.  In  order  to  determine  the  resistance  of  whole  trunks  the  b< 
arate  sections  of  which  show  differences,  the  compression  s 
bending  tests  as  above  are  to  be  executed,  and  upon  at  least  t 
pieces  cut  from  the  centre  and  two  selected  so  that  the  extre 
edges  coincide  with  the  surface  of  the  trunk ;  from  these  the  c 
rect  mean  of  the  whole  trunk  is  obtained. 

7.  The  relative  position  of  rings  and  direction  of  application 
force  in  these  tests  is  to  be  represented  by  a  diagram.      Sap*W( 
is  to  be  strained  in  the  direction  of  the  radius  of  the  rings  with 
heart  on  the  concave  and  surface  on  convex  side  of  curve  produi 
by  flexure. 
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n  TESTING  OF  MATERIALS   FOK  SfllP  COK- 
STRlTOXrON. 

L  Materials  used  in  sliip  coiiatriictioti,  eiich  as  wrought  iron  in 
Ai)  efidpe  of  plates,  bars,  angles,  sliape  and  rivet  Iron,  are  to  be 
tested  by : 

a.  Jmgum  teet. 

I.  Bending  test  wliilo  cold. 

c.  BfTuling  teat  while  at  a  red  heat  or  forge  teat, 

3,  Sucli  ae  tow  steels  and  caet  steela,  in  tlie  shape  of  plates,  bare, 
*Dyie8,  shape  and  rivet  iron,  aro  to  be  tested  bj  : 

4.  Tension  test. 

'      i.  Sending  test  while  cold. 

C.  Bending  test  while  at  a  red  heat,  or  forge  test. 

rf.  ffardening  or  temper  test  by  flexure. 

e.  Those  parties  who  habitnally  use  luw  steels  in  ship  constrno- 
tton  are  recoinin ended  to  examine  the  material  furnished  for  itB 
■■elding  properties. 

Tlio  tests  of  resistance  of  tho  materials  arc  to  he  made  with 
standard  test  pieces,  in  the  condition  in  which  the  material  is  far^ 
nisbed.  The  specimens  for  bending  tests  are  to  be  obtained  pre- 
cisely HP  prescribed  for  boiler  plates  (see  above  undp.r  II.,  Q  and  H). 
The  hardening  and  bending  tests  iire  to  be  made  precisely  as 
siljove,  with  th<!  diffoi-biioe  thut  the  h&i'&  are  to  lui  U;(it  by  a  oJowly 
operating  mechanical  device,  using,  however,  studs  wliich  will  pro- 
dnce  bending  of  the  inner  surface  to  a  radius  proportional  to  the 
thiekness  ofp^te. 

Til.  TESTING  OF  STONE. 
A.  Stone  in  Gener4l. 

Slone  is  to  be  examined  for  its  resistance  to  boring  or  quarrying, 
in  accordance  with  uniform  methods  hi  the  following  manner: 

1.  Trial  methods. 

7lie  trials  for  the  determination  of  resistance  to  boring  stone 
W"e  to  be  made  by, 

".  A  jumper  or  drill ;  or 

"•  By  rotary  boring  machines. 

*^or  testing  by  jumper  or  drill  is  to  be  recommended  an  aj.pa- 
J^'ls  such  as  was  used  by  mine  surveyor  Hausse,  of  Zankerrodt,  in 
'^  testa  of  tho  resistance  of  stone  to  boring,  and  which  was 
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described  in  the  ^^  Deutsche  Berg  und  HattenmaDniEche  ZeitiXD»)) 
1882,  Nos.  33  and  34.  By  such  an  one  or  a  similar  one, or  elscbj 
a  boring  machine  the  work  done  in  metre-kilograms  required  to 
bore  a  hole  of  given  dimensions  is  determined. 

2.  Determination  of  the  proper  preliminary  work  before  (he  ex^ 
cation  of  the  actual  tests  of  strength. 

Because  the  least  work  done  npon  a  stone  of  given  quality  with 
a  given  size  of  hole  is  largely  dependent  npon 

a.  The  moment  of  drop  of  a  jumper,  or  the  force  required  U> 
advance  the  borer  as  also  its  velocity  of  rotation,  and 

K  The  shape  and  cutting  angle  of  drill,  or  of  the  teeth  of  tl»-' 
boring  tool,  and 

c.  The  number  of  blows  for  one  revolution  of  drill,  when  dri^ 
ing  by  percussion  ;  it  is  recommended  to  determine  by  preliminary 
trials,  the  most  favorable  combination  of  conditions  under  whic^ 
the  actual  tests  are  to  be  carried  out.  As  a  starting  point  it  ma^ 
be  stated,  that  for  a  drilled  hole  25  mm.  diameter,  the  most  favor* 
able  moment  of  drop  lies  between  6  and  9  metre-kilograms,  anC 
that  the  pressure  in  boring  m:;chinos  varies  from  80  to  130  atmoB 
pheres ;  also  that  in  percussion  drills,  the  most  favorable  angle  of 
cutting  edge  lies  between  70°  and  110°  C^  with  from  12  to  6(1 
blows  per  one  revolution  of  drill ;  and  finally  that  with  existing 
boring  machine  the  most  favorable  diameter  of  bore  varies  from  4( 
mm.  to  80  mm.  (1.576 — 3.152  inches). 

3.  Special  standard  procedure. 

After  the  most  favorable  method  of  working  the  particular  vari 
ety  of  stone  has  been  determined  by  the  preliminary  investigatione 
a  diameter  of  hole  of  25  mm.  (.985  inch)  shall  be  adopted  as  th> 
invariable  standard  when  using  a  percussion  drill  (jumper),  thi 
being  about  the  approximate  hole  drilled  by  a  single  (one  man 
drill.  However,  in  order  to  determine  the  effect  on  tlie  work  done 
of  the  size  of  hole  drilled,  holes  of  larger  diameter  are  to  b 
drilled,  and  for  this  35,  45  and  65  mm.  diameter  (1.379,  1.77 
and  2.561  inches),  corresponding  to  the  average  holes  produced  b 
two  and  three  men  or  power  drills,  are  recommended.  Whei 
these  larger  diameters  of  holes  are  investigated  by  drilling,  the: 
the  most  favorable  moment  of  drop  (moment  of  impact)  is  to  b 
determined,  on  the  basis  of  the  law  of  proportional  resistancei 
starting  with  the  most  favorable  moment  of  impact  for  drilling  ; 
hole  25  mm.  (.985  inch)  diameter  which  has  been  determines 
empirically  beforehand. 
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^mhffring  experimenta  no  fixed  diameter  can  be  prescribed,  he 
this  1b  dependent  npon  the  existing  boring  macliiue  Ht  hand,  but  it 
iBTeoDumieDded  in  Buc-h  c-Ases  to  adhero  as  closely  ae  practicable  to 
tiiadiametci-B  of  drill  holes  of  45  and  65  mm.  (1.773  x  2.561  incheB). 

4.  Additional  teats. 

Tor  tbe  pcrpose  of"  information  it  appears  desirable  that  stone 
eninmed  for  resistance  to  boring  be  also  investigated  for  compree- 
lite  strength,  elasticity  and  resistance  to  sbearing, 

5,  Te»t  report  of  boring  test. 

For  ilie  reports  of  resalts  obtained  the  following  blank  form  is 
to  h  filled  up  as  indicated  ; 

8TANDAKD  KEPOBT   BLANK   FOB   BOBING   TEST. 


the 


^'  I  Description  of  sionp  in  its  gBologicnl  and  minprnlociifil  relations. 
Hiner'e  clsssiGcarinn  (Imril,  very  bard,  or  eitreinely  hard). 
Texture  (t.  «.,  coarso  grujiied,  &ue  (rruiued,  parallel,   normal  to  or  ior 

dined  to  axis  nt  drill  liole. 
Specific  gTuTit;  of  Iho  stone. 
Diameter  of  hole  drilled. 
Diameter  of  hole  and  core  wlien  boHng. 
Stmighl  ur  curve  edped  drills. 
Angle  of  edgH  of  drillB. 
Nnmber  of  blows  per  revolntion  of  drill, 

Efleciire  weight  of  drill.  ^^H 

Meau  eSpctive  drop  of  drill.  ^^^H 

Siimber  of  blows  required  to  drill  tlio  depth  of  hole. 
■3.   I  ^^^^llle^  find  form  of  teeth  of  borer. 

14.  Statement  of  pressure  on  and  velocity  of  borer  while  boring. 

15.  I  Actual  or  lotal  depth  of  bore  hole. 

H-  I  Calculated  or  indiented  work  done  during  boring  staled  in  melre-hilo 
grama  per  cm,  of  hole  bored.     (When  using  u   hollow   borer  the 
'        aaoulua  of  atona  cut  away  ia  alono  to  bo  considered.; 

B.  BciLDiNQ  Stones, 

a.  Natural  BuildtMj  Stone. 
1.  In  addition  to  the  petrogi-aphic  and  geologic  description  of 


I 


sfone,  its  fracture  and  location  of  sti-atnm  from  which  the  sara- 


P'e  is  obtained  are  to  be  clearly  stated.  Also  the  time  of  qnarry- 
"g'  as  well  as  the  deposit,     "When  the  quarry  ia  very  wet   the 

^'"ple  JB  to  be  obtained  in  the  dry  season.    Inasmuch  as  it  is  often 

'''ffleult  for  the  investigator  to  examine  the  correctness  of  mlnero- 
''S'cal  nomenclatnro  given  by  the  client,  it  is  to  be  recommended 

'"  desist  expressly  from  this  examination  unless  tbe  contrary  is 
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requested,  and  to  so  record  it  in  the  test  report ;  on  the  other  Ixini 
it  is  desirable  to  rectify  palpable  incorrectness  of  nomendatuivo/ 
the  stone,  by  a  communication  relative  thereto  to  the  client 

Similarly  in  a  given  case,  the  verification  of  Btatements  rehtiTe 
to  locality  and  stratum  of  quarry  from  which  the  sample  has  been 
obtained,  maybe  also  neglected,  and  the  test  report  can  be  made  to 

read  about  as  follows :   Stated  to  be  obtained  from  the • 

quarries,  found  in  the bed  or  stratum. 

2.  It  is  to  be  recommended  that  the  investigator  make  partica- 
lar  inquiries  about  the  intended  utilization  of  the  stone  by  th® 
client  (wliether  as  building  or  cutting  stone,  for  sidewalkB,  fo>^ 
pavements,  or  for  ballast  or  macadam),  before  commencing  tl"^' 
tests,  and  then  to  execute  them  in  accordance  with  these^  and  d^ 
the  accidental  wording  of  the  order. 

8.  Stone,  which  is  to  be  used  as  cut  stone  for  sub  or  Buperstmctur^* 
is  to  be  tested  for  resistance  to  cainpres^n^  and  in  the  shape  of  cubc^ 
with  planed  bearing  surfaces  lying  between  pressure  plates  witho^ 
the  interposition  of  other  substances ;  one  of  these  plates  must  hav^ 
free  motion  in  all  directions.  The  compressive  strength  is  to  b« 
determined  normal  or  parallel  to  the  bed  of  the  stone,  or  both 
according  to  the  utilization  of  the  stone,  and  the  tests  in  ead 
direction  are  to  be  made  in  triplicate. 

Test  pieces  should  be  selected  as  large  as  possible,  according  t 
the  relative  strength  and  the  capacity  of  the  testing  machine,  bn 
for  weaker  stone  a  cube  measuring  10  cm.  (3.94  inches)  on  eac 
side  is  sufiicient. 

4.  In  addition  to  this,  rectangular  pieces  are  to  be  tested,  froi 
which  the  compression  due  to  increasing  loads  is  to  be  determine 
and  the  diagram  of  work  constructed.  Similarly  tension  and  ben< 
ing  tests  are  to  be  made  and  plotted. 

5.  Test  pieces  shall  be  tested  in  a  perfectly  dry  state,  obtaine 
by  submitting  them  to  a  temperature  of  30°  C.  (86°  F.)  until  thei 
is  no  further  diminution  of  weight. 

6.  The  specific  gravity  (weight  of  the  unit  of  volume)  of  stoi 
is  invariably  to  be  determined,  and  always  after  drying  at  30°  { 
(86°  F.). 

7.  The  examination  of  resistance  to  frost  is  to  be  determine 
from  samples  of  uniform  size,  inasmuch  as  the  absorption  of  wat< 
and  action  of  frost  is  directly  proportional  to  tlie  surface  expose' 
and  with  a  view  to  the  same  test  of  cements  this  block  is  to  be 
cube  of  7  cm.  (2.76  inches)  length  of  edges.     Smaller  dimensioi 
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j.are  only  permisBible  with  very  hard  etonee ;  although  the  fi'oet- 
I  Teeisting  qualitieB  in  theee  are  rarely  in  doubt. 

8.  Tlie_//w«i  tesi  coneista  of : 

a.  The  determination  of  the  compressive  sire^i^fh  of  saturaltd 
I  stones,  Hnd  its  toinparison  witli  th»t  of  dried  piecee. 

b.  The  determination  of  compressive  strenyih  of  the  dried  stone  I 
I  after  having  been  frozen  and  thawed  out  twenty-live  timee,  and  its 
(  GODiparigon  witli  that  of  dried  pieces  not  go  treated. 

e.  The  determination  of  the  loss  of  weight  of  the  stone  after  the 
I  twenty-fifth  frost  and  thaw ;  special  attention  must  he  had  to  the 
[  loss  of  those  particles  which  are  detached  by  the  meehanical  adion, 
I  and  also  those  lost  by  solution  in  a  detinite  quantity  of  water. 

d.  The  examination  of  the  frozen  stone  by  uho  of  a  magnifying 
glass,  to  determine  particularly  whether  tissures  or  scaling  occurred. 

9.  For  ihe  froet  test  are  to  be  need  : 

Six  pieces  for  compression  tests  in  dry  condition,  three  normal 
and  three  parallel  to  the  bed  of  the  stone,  provided  these  tests  have 
not  already  been  made  (as  under  No.  3  above),  in  which  it  is  per- 
missible, on  account  of  the  law  of  proportions,  to  use  test  blocks 
r  larger  than  7  e.m.  (2.76  in.)  cube. 

Six  test  pieces  in  saturated  condition,  not  frozen  however  ;  three  I 
I  .tested  normal  to,  and  three  parallel  to  bed. 

Six  test  pieces  for  tests  when  frozen,  three  of  which  are  to  be  ] 
tested  normal  to,  and  three  pamllcl  to  bed  of  stone. 

10.  When  making  Ihe  freezing  test  the  following  details  are  to  J 
be  observed :  i 

a.  During  the  absorption  of  water,  the  cubes  are  at  first  to  b?  I 
immersed  but  2  cm.  (.77  in.)  deep,  and  are  to  be  lowered  little  by  [ 
^ttle  until  finally  submerged. 

h.  For  immersion  distilled  water  is  to  be  used  at  a  temperature  J 
[  of  from  15°  C.  {59°  F.)  to  20°  C.  {68"  F.). 

C  The  saturated  blocks  are  to  be  subjected  to  temperatures  of 
\  from  -  10"— 15"  C.  (14"  to  5°  F.> 

d,  Tlie  blocks  are  to  be  subjected  to  the  inflnenoe  of  such  cold  for 
four   hours ;  aiid   tliey  are   to   be  thus  treated  when  completdy  I 

I  saturated. 

e.  The  blocks  are  to  be  thawed  out  in  a  tfiven  quantity  of  distilled 
[■water at  from  59°  F.  —6+°  F. 

11.  An  inveetigatiou  of  weatfiering  qnalities,  stability  under  in- 
^Uenoes  of  atmospheric  changes,  can   be  neglected  when  the  frost 

Ht  has  been  made.     Ilowever,  the  effects  in  this  respect  in  nature 
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are  to  be  carefully  observed,  and  experience  previously  had  in  tie 
utilization  of  such  material  is  to  be  carefully  collated,  with  speeU 
observation  of 

a.  The  effect  of  the  Sun,  in  producing  cracks  and  rapture  of  stones, 
h.  The  effect  of  the  Air,  whether  producing  carbonic  acid  ga& 

c.  The  effect  of  Kain  and  moisture  in  regard  to  partial  solndon 
and  disintegration  ;  and  finally  tlie  effect  of 

d.  Temperature. 

/J.  Artificial  Building  Stone. 

1.  When  testing  bricks  as  found  in  a  delivery,  the  least  burT^ 
are  always  to  be  selected  for  investigation. 

2.  Bricks  are  to  be  tested  for  resuffance  to  compression  in  tl^ 
shape  of  cubical  pieces,  formed  by  the  superposition  of  two  ha^ 
bricks,  which  are  to  be  united  by  a  thin  layer  of  mortar  consistin 
of  pure  Portland  cement,  and  the  pressure  surfaces  are  also  to  b^ 
made  smooth  by  covering  them  with  a  thin  coating  of  the  sam^ 
material.     At  least  six  pieces  are  to  be  tested. 

3.  The  specifijC  gravity  of  bricks  is  to  be  determined. 

4.  In  order  to  control  the  uniformity  of  the  material  the ^mthwi^ 
of  the  bricks  is  to  be  determined ;  for  this  purpose  they  are  to  be 
thoroughly  dried  and  then  submerged  in  water  until  saturated* 
Ten  pieces  are  to  be  thoroughly  dried  upon  an  iron  plate  anJ 
weighed  ;  then  these  bricks  are  to  be  immersed  in  water  for 
twenty-four  hours,  in  such  a  way  that  the  water  level  stands  at  half 
the  thickness;  after  this  they  are  to  be  submerged  for  another 
twenty-four  hours,  then  to  be  dried  superficially  and  again  weighed ; 
thus  the  average  quantity  of  water  absorbed  is  determined.  The 
porosity  is  always  to  be  calculated  b}^  volume,  though  the  per  cent, 
of  water  absorbed  is  always  to  be  stated  in  addition. 

5.  Hesistance  against  frost  is  to  be  determined  as  follows: 

a.  Five  of  the  bricks  previously  saturated  by  water  are  to  be 
tested  by  compression ; 

I.  The  other  five  are  put  into  a  refrigerator  which  can  produce  8 
temperature  of  —  15°  C.  (5°  F.)  at  least,  and  kept  therein  for  foui 
hours ;  then  they  are  removed  and  thawed  in  water  of  a  tempera- 
ture of  20°  C.  (68°  F.).  Particles  which  might  possibly  become 
detached  are  to  remain  in  the  vessels  in  which  the  stone  is  thawed 
until  the  end  of  the  operation.  This  process  of  freezing  is  repeated 
twenty -five  times  and  the  detached  particles  are  dried  and  compared 
by  weight  with  the  original  dry  weight  of  stone.    Particular  atten- 
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lioD,  by  using  a  inagnifjing  glase,  is  to  be  given  to  the  possible  for- 
mation of  cracks  or  laminationa; 

c.  After  freezing,  the  bricks  are  to  be  tested  hy  coinpreesion. 
For  this  test  they  are  dried,  and  tbe  result  obtained  is  to  be  com-, 
pared  with  that  of  dry  brick  (see  above,  No.  2)  not  frozen; 

d.  Thna,  freezing  the  bricks,  does  not  give  a  knowledge  of  th^ 
absolute  frost- resisting  capacity;  the  value  of  the  investigation  i 
only  relative,  because  by  it  can  only  be  determined  which  stone  can 
be  most  easily  destroyed  by  the  action  of  frost. 

6,  To  test  bricks  for  the  presence  of  nolvhle  salts,  five  are  selected, 
and  again  those  which  are  least  burnt,  and  then  such  which  have 
not  yet  been  moistened.  Of  these  again  the  interior  parts  only  are 
OBed,  for  which  reason  tbe  bricks  are  split  iu  three  directions,  thus 
producing  eight  pieces  of  wiiich  the  corners  lying  innermost  in  the 
brick  are  knocked  off.  These  are  then  powdered,  until  all  passes 
through  a  sieve  of  900  meshes  per  square  centimetre  (=  aboutri,810 
per  sq.  iu.),  from  which  tbe  dust  is  again  separated  by  a  sieve  of 
4,900  meshes  *  per  square  cm.  (31,360  per  sq.  in.),  and  the  remain- 
ing particles  on  the  latter  are  examined.  Twenty-five  grammes 
are  lixiviated  in  250  cubic  cm.  of  distilled  water,  boiled  for  about 
one  hour,  however,  replenishing  the  quantity  evaporated,  filtered 
and  washed.  The  quantity  of  soluble  salts  present  is  then  deter- 
mined by  boiling  down  the  solution  and  bringing  the  residue  to  a 
red  heat  for  a  short  time.     The  quantity  of  soluble  salts  present  is 

I  to  be  given  in  per  cent,  of  the  original  weight  of  stone. 

The  salts  obtained  are  to  be  submitted  to  chemical  analysis. 

7.  Determinations  of  tlie  presence  of  carbonate  of  lime,  pyriiea^, 
mica,  and  similar  subatancea  are  to  be  made  upon  the  nnhurnt 
clayprimariiy,  for  which  purpose,  too,  uubiirnt  bricks  are  to  be  fur- 
Dished.  These  are  soaked  in  water  and  the  coarse  particles  are 
separated  by  passing  the  whole  material  through  a  sieve  having  400 
mealies  per  square  cm.  (about  oue-tliird  mm.  opening).  The  sand 
tbns  obtained  is  to  be  examined  by  the  magnifying  glass  and 
hydrochloric  acid  to  determine  its  mineralogical  composition, 
When  impurities  such  as  carbonate  of  lime,  pyrites,  mica,  etc.,  etc., 
are  found,  then  pieces  of  brick,  such,  for  instance,  as  remained  Iroiu 
the  determination  of  soluble  salts,  are  to  be  examined  in  a  Papin'a  i 
digester  for  their  deleterious  iofiuence.    They  are  to  be  so  arranged 
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is  a  Papln's  digester  tliat  tliey  are  not  touctied  hj  the  wat^l 
directly,  but  are  subjected  to  the  action  of  the  steam  generated  j 
alone.     The   preesure   of   Bteam   fihall  be   one-fourtli  atmosphere 
aud   the  duration  of   test,  three  hours.     Possibly  oecnrrinji   dis- 
integration  is   to   be   determined   by  means   of   the   magnifying 
glass. 

8.  For  the  delefmifMiion  of  the   relation  between  vdumetric  and  I 
enperjicial  porosily,  as  also/or  the 

9.  Testing  of  roof  tUes  for  t/teir  impermeability,  the  new  Standing  I 
Committee  ia  to  develop  propositions. 

0.  Paving  Stones  and  Ballast,  Natural  and  Abtificial. 

1.  Information  in  regard  to  petrographic  and  geologic  cXassijica-'- 
tio»,  the  origin  of  the  samples,  etc.,  etc.;  also: 

2.  Statement  in  regard  to  vtlUzaiion  of  same,  precisely  as  under 
the  same  numbers  of  natural  stones  :  B,  a  (see  p.  64). 

3.  Spemfic  gravity  of  tiie  samples  is  to  be  determined. 

4  Ail  materials  used  in  the  confltrucrion  of  roads,  provided  they 
are  not  to  be  used  nnder  cover  or  in  localities  without  frost,  are  to 
be  tested  for  t\\e\r  frost-resisting  qualities,  by  similar  test  to  those 
prescribed  for  natnml  stone  above  (see  B,  a.  No.  7-10). 

5.  Flagging  or  stone  used  for  sidewalks,  are  tested  most  eatia- 
factorily  in  a  manner  representing  their  mode  of  utilization,  by  de- 
termining the  wearing  quaHties  by  a  method  as  proposed  by 
Professor  Bauschinger  and  deecribed  in  Part  XL  of  his  "  Mitthei- 
lungen."  The  uniformity  of  wearing  qualities  of  burnt  sCono  for 
parts  more  or  less  distant  from  the  exterior  sui-face  is  determined  by 
repeating  the  trial  on  the  same  piece,  and  not  merely  testing  one, 
but  a  greater  number  of  pieces.  It  ia,  moreover,  necessary  to  sub- 
mit samples  of  the  best,  the  poorest  and  the  medium  qualities  of 
bricks  in  any  one  delivery. 

6.  For  the  determination  of  the  value  of  stone  for  ballast  (tnaca- 
dam)  or  paving  purposes  ;  the  only  decisive  method  is  to  construct 
trial  roads,  on  which  the  materials  employed  are  sure  to  receive  a 
traffic  as  nearly  nniforni  in  kind  and  weight  per  metre  of  width  as 
possible.  It  is  urgently  desirable  that  such  trial  pieces  be  numer- 
ously constructed  by  the  superv!8oi-9  of  Toad  constrnction  in  a  uni- 
form manner,  and  special  attention  is  hereby  called  to  the  infer-. 
mation  given  by  Professor  Dietrich  in  a  paper  entitled  "Die 
Baumaterialien  der  Steinstrassen"  (materials  of  coustrnction  of 
stone  roads). 
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7.  Ill  order  to  determine  the  valae  of  ballast  and  paving  stone 
newly  introduced  in  a  manner  more  expeditions  than  that  of  the 
constmetion  of  trial  roads,  and  so  aa  not  to  increase  the  number  of 
trial  roads  in  proportion  to  the  nnmber  of  kinds  of  materials  em- 
ployed, it  is  necessary  to  determine  a  more  I'apid  method  of  testing 
BQch  stone.  As  ballast  and  paving  materials  are  eqiiallj'  to  be  ex- 
amined for  resistance  to  abrasion  and  to  fraogibility,  trials  in  a 
revolving  drnm,  similar  to  those  used  in  France  for  some  time 
past,  or  others  as  described,  and  delineated  in  the  above  mentioned 
pamphlet  by  Prof.  Dietrich,  are  recommended.  It  appears,  how- 
ever, that  an  increase  in  diameter  to  O.S  m.,  and  of  length  to  0.5  m. 
is  necessary,  in  order  to  increase  the  eti'ect  of  impact.  The  rotary 
velocity  as  well  might  be  increased;  the  new  Standing  Cornmitt/e 

•eated  to  itveentigate  the  most  advisable  rotary  velocity^  the 
quantity  and  dimensions  of  materials  to  he  tested,  and  the  method 
I  of  determining  the  abrasion  hy  actual  practical  tHale,  and  to  report 
results  to  the  next  conference. 

It  is  to  be  remarked,  however,  that  the  preparation  of  the  trial 
ballast  is  not  to  be  left  to  the  client  ordering  the  investigation,  bnt 
is  rather  to  be  managed  hy  the  investigator,  in  order  to  secure 
greater  uniformity. 

It  is  a  problem  of  experience  to  test  the  agreement  of  the  resnlle 
of  tliia  trial  method,  which  ought  to  be  preferred  to  the  quarrying 
(boring)  teat  (Bohject  to  Continually  varying  conditions  of  the  drill), 
with  the  results  as  obtained,  by  the  trial  roads  themselves. 

8.  In  addition  to  this  drum  test,  ballast  materials  particularly  are 
to  be  tested  for  their  resistance  to  compression,  as  they  are  snbject 
to  crushing,  and  the  blocks  of  stone  for  this  purpose  are  to  bo  cubes 

I  of  from  5—7  cm. 

9.  Paving  maieriaJs  are  to  be  examirteii  for  capacity  of  faking  a 
[  polish  {or  becoming  smooth),  and  the  new  Slaitding  Committee  is  to 
1  gybmit  propositions  relalive  thereto  to  (he  next  conferetux. 

10.  In  ballast  and  paving  materials,  also,  it  seems  necessary  to 
investigate  the  least,  partly,  and  most  suitable  grades  in  a  delivery 
of  any  one  material,  as  uniformity  of  tlie  structure  made  by  them 

I  is  one  of  the  essential  or  urlniary  qualities  necessary. 

11.  Examinations  of  asphalts  can  only  be  made  in  an  exhaustive 

1  manner  by  the  construction  of  trial  roads.     An  opinion  coincidii^^ 
'  with  tlie  results  of  such  trial  may  be  formed  hy 

a.  Determination  of  the  quantity  and  quality  of  the  bitntneS'l 
I'fiontained  therein  (whether  the  bitumen  be  artificial  or  natural). 
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b,  "By  ])hy&ical  and  chemical  determination  of  tbe  residue. 

6*.  By  determination  of  tlie  specific  density  of  test  pieces  of  the 
material  used  bv  a  Yicat's  needle  of  a  circular  sectional  area  of  1 
sq.  mm. 

d.  By  the  determination  of  the  wear  of  such  test  pieces  by  abrsir 
sion  or  grinding  trials. 

e.  By  the  determination  of  the  resistance  to  frost  of  tliese  te&^ 
pieces. 

D.  Tests  of  Matebials  fob  Pbesebyation  of  Natubal  abd 

Abtuigial  BuiLDiNa  Stone. 

1.  The  preservation  of  natural  and  artificial  building  stones  sha- 
be  determined  by  the  tension  tests. 

The  results  thus  far  ohtained  when  determining  the  effect  of  materials  fi 
prepervation,  have  uniformly  ehown  that  the  resistance  is  increased,  or  at  1 
that  the  tendency  to  deterioration  under  the  effect  of  repeated  freeiing  and  tha' 
ing  of  saturated  materials  is  diminished.     As  all  materials  for  preservation 
the  form  of  coatings  and  do  not  permeate  the  stones  to  be  examined,  it  ap; 
that  the  strength  is  properly  indicated  by  tension  pieces  of  small  aection. 

Ill  these  the  ratio  of  surface  to  volume  is  greater,  and  the  effect  of  the 
vation  is  more  easily  determined. 

2.  For  the  form  of  the  test  pieces,  the  German  standard  of  5  era  ^ 
minimum  section  is  chosen. 

All  of  the  building  stones  requiring  preservative  treatment  are 
soft,  and  can  therefore  be  easily  given  the  standard  shape.     For 
artificial  stone  the  German  mould  can  be  used  directly  to  produce 
the  shape.     The  German  tension  apparatus  is  well  adapted  for  the 
tests. 

3.  Three  test  pieces  sufliee  for  one  series  of  tests.  Should  these, 
however,  give  decided  variations,  then  an  additional  set  of  five 
pieces  is  to  be  tested. 

4.  The  method  prescribed  for  determining  the  resistance  to 
frost  as  described  under  No.  VII.,  -B,  or,  and  VIL,  B^  /J,  for  natural 
and  artificial  building  stone,  shall  also  be  employed  to  determine 
the  effect  of  preservative  materials. 

Also,  it  is  recommended  to  determine  the  length  or  duration  of 
the  preservative  effect.  Practically  this  would  be  done  by  repeat- 
ing the  above  tests  after  one  and  three  and  five  years. 

5.  Inasmuch  as  the  preservative  effect  may  sometimes  be  due  to 
the  increased  impermeability  of  the  materials  to  the  injurious  com- 
ponents of  the  atmosphere,  rather  than  an  increased  resistance,  tlie 
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wiitr  or  permeability  of  sncli  would  be  shown  bj  the  capacity 
ibiorbing  water  before  and  after  treatment,  and  wonid  be  ex- 
gsedin  per  cent.  (5^  of  weight  of  water  abporbeci  by  a  normal 
PsUndard  test  piece. 

&  Test  pieces  to  determine  the  preservative  effect  must  be  sub- 
etedtothe  exact  treatment  preBeribed  for  actnal  practice.  Ac- 
to  the  nature  of  the  preservative  material  the  treatment 
Ht  varj,  ae  the  manner  of  application  may  materially  influence 
effect 


VIII.  TESTS  OF  HYDRAULIC  MORTARS. 

(Bond   Matorlnls.) 

A.  Gbneeal  Remarks. 

L  WLen  using  liydranlic  bond  material  for  a  specific  purpose, 

■Hcli  Bpecial  nse  and  also  the  mixing  materials  at  hand  (bucIi  as 

gtftTel,  slag,  etc.)  must  always  be  borne  in  mind  when  making 

1^  and  used  in  the  preparation  of  the  specimen.      These 

ItOWever,  are  not  to  take  the  place  of  the  so-called  standard 

Sewer  covers  aod  pipes  are  to  be  tested  by  Prof,  Bauschinger's 
"letlioii.  (See  Mittheilungen  aus  dem  mech.  teehn.  Laboratorium 
dertechn.Hochschule  in  Mueachen,  Heft.  VII.) 

*■  The  compressive  and  tensile  resistance  of  hydraulic  mortars, 
iiwdeiQ  accordance  with  current  standard  methods,  is  not  all  suffi- 
cient to  insure  the  durability  of  structures,  as  there  are  really 
several  other  important  points  to  be  considered  as  well;  such  as 
*estliering  qualities,  brittleness,  impermeability,  adhesive  strength, 
stability  of  volume  of  mortar,  which  are  all  of  the  greatest  impor- 
tance for  the  durability  of  structures. 

inaflmuch  as  the  strength  of  existing  cement-mortars  caunot  be 
^'I'lzed,  it  appears  superfluous  from  the  point  of  view  of  the  nsera 
'f  cement  to  still  furtlier  increase  it. 

"■  The  motion,  "  The  admixtures  of  materials  shall  iiat  in  future  be 
Wermi'nai  as  heretofore  hy  weight,  but  by  vdume,"  is  submitted  to 
fif  new  Standing  Committee. 

B.   NoMENCLATimE. 

h  Bydraulic  limes  are  products  obtained  by  roasting  (burning) 
iiieatones  containing  more  or  less  clay  (or  silicic  acid),  and  which 


I 
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when  moistened  with  water  become  wholly  or  partly  peal 
and  slaked.  According  to  local  circumstances,  these  are  f  c 
trade  in  lumps  or  in  a  hydratcd  condition  in  the  shape  of 
flour. 

2.  Roman  cements  are  products  obtained  by  bnming  claye 
marls  below  the  temperature  of  decrepitation  and  which  d 
disintegrate  upon  being  moistened,  but  must  be  powder^ 
mechanical  meanp. 

3.  Pordaiid  cements  are  products  obtained  by  burning  (? 
marls  or  artificial  mixtures  of  materials  containing  clay  and  lir: 
decrepitation  temperature,  and  are  then  reduced  to  the  fineni 
flour,  and  which  contain  for  one  part  of  hydraulic  materi 
least  1.7  parts  of  calcareous  earth.  To  regulate  properties  te< 
cally  important,  an  admixture  of  two  per  cent,  of  foreign  mat 
admissible. 

4.  Hydravlic  fluxes  are  natural  or  artificial  materials,  whi 
general  do  not  harden  of  themselves,  but  in  presence  of  c 
lime,  and  then  the  same  as  a  hydraulic  material ;  t.  e,j  puzzu< 
santorine  earth,  trass  produced  from  a  proper  kind  of  vol 
tufa,  blast-furnace  slag,  burnt  clay,  etc.,  etc. 

5.  Pazzudana  cements  are  products  obtained  by  most  car 
mixing  hydrates  of  lime  pulverized,  with  hydraulic  fluxes 
condition  of  dust. 

6.  Mixed  cements  are  products  obtained  by  most  carefully 
ing  existing  cements  with  proper  fluxes.  Such  bond  materia 
to  be  particularly  stated  as  "  Mixed  Cements/'  at  the  sam< 
naming  the  base  and  the  flux  used. 


d  Testing. 

1.  Weight. 

a.  The  determmation  of  the  specific  weight  of  hydrauli 
materials  (specific  weight  of  the  granular  parts)  is  to  bo  deter 
uniformly -by  the  apparatus  called  the  "Volumenometer." 

6.  To  determine  the  weight  of  a  given  volume  of  a  hydrauli 
material,  a  cylindrical  vessel  10  cm.  high  is  to  be  used.  Into 
to  be 

{a)  sifted,  and 

(^)  shaken, — the  material  to  be  weighed. 

Tfie  particular  method  according  to  which  each  of  these  ii 
done  is  committed  to  the  new  Standing  Committee. 


{ 
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2.  Fineness  of  drain. 
The  fineness  is  to  be  determined  by  the  iiee  of  sitves  of  900  and 
I  4,900  meshes  per  eq.  cm.  for  Portland  cements,  and  of  000  and  2,500 
j  meahcB  (5,732  aniJ  31,170  per  sq.  in. ;  5,732  and  15,900  ^ler  sq.  in.) 
I  per  sq.  cm.  for  the  other  liydraulic  bond  materials,  and  for  each 
teat  a  quantity  of  1,000  gr.  (2.22  lbs.)  is  to  be  nsed.  The  wires  nsed 
I  in  the  above  sieves  shall  have  diameters  of 

0.05,  0.07,        and  0,1     mm.  for  sieves  having 

4,900,        2,.i00,         and         900     meshes  per  sq.  cm. 
(.00197,       .002758,       .00395  in.) 
(5732,  15900,  31170  meshes  per  sq.  in.); 

I  and  it  is  recommended  to  always  procure  the  sieves  from  the  same 
1  makers. 

3.  Set. 

a.  Of  all  hydi-aiilic  bond  materials,  excepting  puzznolana  (trass),  i 
a.  Conditions  of  set  are  always  to  be  investigated  at  a  tempera- 
I  ture  of  fi-om  59°— 65°  F. 

h.  Tliey  are  to  be  determined  from  a  paste  of  standard  consist- 
I  ency.  To  determine  the  latter  the  standard  needle  (see  helow)  is 
I,  combined  with  the  "consistency  meter,"  which  is  a  rod  of 
I  1  cm.  diameter,  weighing  300  grammes  (.66  lb.),  and  a  cylindrical 
I  vessel  4  em.  high  and  8  cm.  diameter  (1,576  x  3,152  in.)  inside, 
I  made  of  a  siilistance  not  permeable  by  water,  and  at  the  same  time 
a  bad  heat,  conductor  (preferably  hard  rubber). 

To  determine  the  standard  consistency  of  a  paste,  400  grs.  of  the 

material  are  stirred  with  a  given  quantity  of  water  to  make  a  stiff 

paste,  which  is  worked  by  a  spoon-shaped  spalnla  for  exactly  three 

I  minntes  for  slow-setting  and  one  minute  for  quick-setting  niate- 

riftla  ;  this  is  then  filled  into  the  vessel  of  the  consistency  meter 

[  without  shaking.     After  stroking  the  surface  of  the  paste  the  rod 

I  o£  the  consistency  meter  is  carefully  inserted  into  the  paste. 

TThen   this   rod  remains  standing  6  mm.  (.2364  in.)  above  tbe-^ 
bottom  of  the  vessel,  the  paste  is  ^aid  to  have  standard  consistency. 
c.  The  conditions  of  set  are  determined   by  the  standard  needle 
of  1  sq.  mm.  (0.000157  sq.  in.)  cylindrical  section,  and  a  weight  of 
300  grammes  (0.66  Ih.),  and  the  same  vessel  as  before. 

Four  hundred  grammes  (0.88  Ih.)  of  the  material  are  mixed  with  J 
the  quantity  of  water,  determined  aa  under  b,  and  made  into  a  \ 
paste,  stirring  glow-setting  materials  three  minntes  and  quick-ecttiuga 
one  minute,  and  with  this  paste  fill  the  vessel  flush.    The  material- { 
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has  commenced  to  set  when  the  needle  no  longer  penetrates  tod 
bottom.  In  quick-setting  materials  the  commencement  of  Betcu 
also  be  determined  by  the  thermometer. 

To  determine  the  time  of  setting  the  cake  is  removed  irom  & 
vessel.  Every  hydraulic  bond  material  can  be  said  to  have  set 
wlien  it  has  hardened  so  much  that  the  standard  needle  no  longer 
makes  any  impression.  The  time  in  which  this  degree  of  hardei^ 
ing  occurs  is  called  the  time  of  setting. 

Whether  a  material  is  to  be  classified  as  quick  or  slow  setting  ^ 
determined  by  the  begiiming  of  set. 

d.  As  a  preliminary  test  for  the  determination  of  the  time  c 
setting,  the  cake  test  can  be  employed.  For  this  100  grammes  < 
the  material  to  be  tested  are  mixed  with  water  to  a  paste  of  nonm 
consistency,  and  stirred  three  minutes  if  slow,  and  one  minute 
quick  setting ;  this  paste  is  made  into  a  paste  of  about  2  cm.  thi<^ 
ness,  and  placed  on  a  glass  slab.  The  same  is  said  to  have  set  wh« 
it  resists  the  finger  nail  under  slight  pressure. 

e.  Addendum, 

It  is  desirable  that  the  setting  qualities  be  also  determined  wi 
higher  proportions  of  water  than  that  necessary  to  make  a  paste 
standard  consistency. 

fi.  For  the  determination  of  set  of  puzzmUmo  {trass)  the  fdOowii 
proposition  is  sutrmitted  to  the  new  Standing  Committee  : 

The  findy  poivdered  puzziidano  dried  at  from  212** — 230**  F. 
heated  to  redness  to  determine  tlte  loss  by  weight  of  combined  water 
the  commencement  of  set  is  determined  by  means  of  the  standa? 
needle  of  1  sq.  mm.  (.00155  sq.  in)  section,  tceighing  300  gramm* 
(0.66  Uk)  {see  above,  a,  c),  and  when  submerged  in  water  of  59**  F.  i 
nearly  as  possible,  but  certainly  with  statement  of  temperature^  uaii 
a  mixture  of  two  parts  by  weight  of  puzzudlano  (trass),  one  pa 
poivdered  hydrate  of  lime,  and  one  part  of  water.  The  mortar  tk 
obtained  is  to  be  filled  into  the  standard  vessel  and  immediately  au 
merged,  and  examined  after  two,  three,  four,  and  five  days  to  dete 
mine  with  tvhat  load  the  above  standard  needle  enters  to  a  depth  of 
mm,  (.197  in,), 

4.  Constancy  of  Volume. 

a,  Portland  ceme^it, 

a.  To  obtain  a  rapid  judgment  of  the  constancy  of  volume  « 
Portland  cement  when  hardening  under  water  or  under  conditio! 
preventing  drjing,  the  simple  baking  test  is  to  be  resorted  to,  an 

as  follows : 


BTANDABD  TESTS   ASU   METHODS  OP  TB8TINO. 


565 


The  cement  is  mixed  with  water  to  form  a  paste  nf  staDdardl 
consistency,  and  small  cakes  of  frona  8 — 10  cm.  diameter  and  3  cnw  i 
{3.94 — 3.15  in.  diameter  x  .788  in,  thick)  in  thickness  are  formed 
ou  flat  glass  pktes. 

Two  of  these  cakes,  which  are  gnarded  against  complete  drying 
to  avoid  shrinkage  cracks,  are  placed  after  twenty-fonr  hours,  or  at 
least  after  having  set,  with  tlieir  smooth  surfaces  upon  metal  plates, 
and  subjected  to  a  temperature  of  from  230° — 248°  F.  (at  least  one 
hour)  until  no  more  steam  is  given  off. 

If  the  cakes  after  this  treatment  show  ueitber  warpiog  nor 
cracks  on  the  edges,  the  material  can  be  considered  to  have  con- 
stancy of  volume  ;  otherwise  the  result  of  the  now  universal  cake 
test  on  glass  plates  is  to  be  made  and  the  result  obtained  is  to  bo 
decisive. 

In  tiie  presence  nf  more  than  3^  of  dry  sulphate  of  lime  (or  a 
corresponding  proportion  of  nnburnt  gypsum)  the  baking  teat  is 
not  conclusive. 

b.  The  deciding  teat  of  conatancy  of  voJnme  is  the  cake  test  on 
glass  plates,  which  is  to  be  executed  as  follows : 

One  hundred  grammes  (0,22  lb.)  of  the  cement  to  be  tested  are 
mixed  with  water,  and  made  into  a  paste  of  normal  consistency  and 
a  cake  thereof  of  alwut  2  cm.  (0.788  in.  thick)  thickness  is  made  on 
a  plate  of  glass.  Two  of  these  cakes,  guarded  against  drying,  are 
submerged  in  water  afler  twenty-four  hours  or  when  set,  and  the 
material  is  said  to  have  constancy  of  volume  when  the  cakes,  after 
twenty-eight  days'  submersion,  show  neither  warping  nor  cracking 
of  edges. 

y?,  ffr/draulia  Limes  and  Jioman  Cements. 

For  tliese  the  csike  teat,  under  water,  as  given  under  a,  5,  is  rec- 
I  ommended. 

y.  Puzzuolano. 

For  these  the  following  proposition  is  aubmitted  to  the  new 
Standing  Committee : 

The  determination  of  constancy  of  volume  of  pnzzuolano  mortar, 
conaisting  of  two  parte  by  weight  of  pnzzuolano,  one  part  powdered 
hydrate  of  lime,  and  one  part  by  weight  of  water,  is  made  by  filling 
the  vessel  (see  above,  3,  a,  c.)  and  stroking  the  same;  then  sub- 
merging it  in  water  at  least  2  cm,  (0.788  in.)  above  the  upper  ■ 
edge  of  this  vessel. 

The  two  iialves  of  the  vessel  must  not  be  spread  by  the  material 
nor  must  it  rise  above  the  upper  edge. 
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Discovery  of  rapid  methods  for^  determining  the  constancy  d 
volume  of  Portland  cement,  and  other  hydraulic  bond  materialBiB 
air,  as  well  as  the  cooking  test,  are  submitted  to  the  new  Standios 
Committee. 

5.  Tests  of  Strength. 

a.  For  all  hydraulic  bond  materials,  excepting  puszuolano : 
a.  The  tests  of  strength  are  to  be  made  with  mixtures  of  1  p0 
by  weight  of  the  material,  and  8  parts  by  weight  of  sand.    It 
however,  desirable  to  make  tests  with  a  larger  admixture  of  sand 
well. 

i.  The  sand  to  be  used  is  to  be  standard  sand,  obtained  from  t 
purest  quartz  sand,  the  fineness  of  which  is  to  be  determined 
using  three  sieves — 64,  144,  and  225  meshes  per  sq.  cm,  (407,  9! 
1,431  per  sq.  in.) — so  that  one-half  passes  the  first  and  remains 
the  second,  and  the  other  half  passes  the  second  and  remains 
the  third  sieve. 

c.  The  wires  of  these  sand  sieves  are  to  bo  as  follows : 

Sieves  of  64  144  225  meshes  per  sq.  ci 

Diam.  of  wire,     0.40  0.30  0.20  mm. 

407  916         1,431  meshes  per  sq.  ir 

0.0157      0.01182    0.00788  in. 

The  Standing  Com-mittee  is  charged  to  determine  whether  sie 
punched  from  plates  can  be  substituted  for  wire  sieves,  and  si 
determine  the  size  of  holes  to  be  used  to  correspond  to  above  \« 
sieves. 

d.  The  weight  by  volume  of  the  standard  sand  is  to  be  del 
mined  by  weighing  the  sand  sifted  into  a  standard  liter  measun 

e.  The  several  testing  laboratories  can  use  quartz  sand  of  i 
source  in  order  to  obtain  the  standard  sand ;  the  prescribed  fi 
ness  of  grain  must  not,  however,  be  varied. 

When  comparing  results  obtained  by  different  laboratories, 
standards  are  to  be  previously  compared  by  mutual  agreement. 

The  new  Standing  Committee  is  charged  to  determine  a  sta 
ard  sand,  not  only  in  reference  of  grain,  but  also  in  regard 
weight  and  all  other  influencing  qualities. 

/.  The  deciding  test  of  resistance,  determining  its  value,  is 
comjf)ress'ion  test;  this  is  to  be  made  with  cubes  of  60  sq. 
(7.75  sq.  in.)  section. 

g.  The  usual  test  of  quality  (test  determining  the  quality  of 
material  to  be  furnished)  is  the  tension  test,  made  by  means  of 
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German  Btandnrd  apparalue,  with  test  piceee  of  the  German  stand- 
ard form,  having  a  section  of  6  eq.  cm.  {0.775  sq.  in.)  at  the  part 
to  be  ruptured. 

h.  Tiie  detenninntioQ  of  a  standard  consistency  of  mortars,  as 
well  as  the  discovery  of  a  practical  mechanical  device  for  producing 
teat  pieces,  which,  in  particular,  inpurea  equal  density  of  compreft- 
B!_on  and  tension  test  pieces,  is  delegated  to  the  new  Standing  Com- 
mittee. 

For  the  present  all  test  pieces  are  to  be  prepared  by  hand,  having 
care  to  give  them  as  nearly  as  possible  equal  density. 

i.  To  carry  out  the  tension  and  compression  tests,  six  pieces  of 
each  age  of  mortar  are  necessary.  The  mean  of  the  four  highest 
results  obtained  is  to  be  considered  as  the  controlling  one. 

h.  All  teat  pieces  must  be  kept  in  an  air  space  saturated  with 
watery  vapor  for  the  first  twenty-four  hours,  after  which,  and  until 
immediately  before  testing,  submerged  in  water  of  a  temperature 
59° — 65°  F.,  to  be  changed  once  every  eeven  days. 

I.  The  critical  test  for  all  bund  materials  is  to  bo  the  28-da]r 
'  test. 

To  judge  of  the  quality  in  less  time  in  the  case  of  Portland 
cement,  the  resistance  may  be  determined  upon  mortar  of  tli9' 
composition  of  3  :  1  after  setting  7  daya 

Testa  of  resistance  of  pure  Portland  cements  made  up  into  a 
pa£te  of  normal  consistency,  on  an  impermeable  plate,  and  those 
with  standard  sand  after  three  days'  setting,  are  delegated  to  the 
new  Standing  Committee. 

The  same  is  also  to  make  propositions  as  to  how  other  hydraulio 
bond  materials  may  be  examined  I'apidly  for  their  quality. 

/9.  All  tests  of  resistance  of  puzzunlano  mortara  are  to  be  made 
on  mixtures  by  weight  of  2  parts  puzznolano,  1  part  powdered 
hydrate  of  lime,  3  parts  standard  sand,  and  1  part  of  water. 
The  treatment  shall  in  other  respects  be  the  same  as  that  of 
cement  samples,  and  the  puzznolano  mortars  especially  are  to  he 
kept  in  an  air  space  saturated  with  watery  vapor  for  24  hours 
before  being  submerged. 

For  special  tests  the  test  pieces  can  be  put  under  water  immedi- 
ately after  making;  in  such  cases  it  is  recommended  to  increase 
the  qnantity  of  water  by  one-tenth  when  making  the  paste, 

The  observation  of  conditions  of  temi>erature  is  of  greatest  im- 
portance tor  puzznolano  mortars ;  if  at  all  possible,  the  mixing  ai 
immersion  water  are  to  be  kept  at  from  59° — 65°  F. 
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For  test  pieces  of  pnzznolano  mortars  only  the  purest  air<lake& 
lime  is  to  be  used,  as  the  strength  depends  largely  upon  the  lime- 
When  builders  manufacture  their  own  puzznolano  from  to^ 
then  the  stone  is  to  be  so  finely  powdered  for  sampling  that  T&  ^ 
will  pass  through  the  sieve  of  900  meslies    (5,732  per  sq.  i^*' 
and  50  ^  through  the  sieve  of  4,900  meshes  per  sq.  cm.  (31,170  J^' 
sq.  in.),  using  wires  of  diameters  stated  above. 

When  powdering,  no  coarser  particles  are  to  be  discarded,  t^  ^ 
the  pulverization  must  be  carried  to  such  a  point  as  to  produce  t:  'I" 
prescribed  fineness. 

6.  Adhesion. 

The  following  propositions  for  the  determination  of  adhesion  ^»- 
submitted  to  the  new  standing  committee  for  examination  a"^ 
report. 

The  adhesion  of  all  hydraulic  bond  materials  and  mortars  is 
be  determined  by  the  German  standard  testing  machine,  usi  ^a 
test  pieces  enclosed  in  frames  placed  on  dull  ground-glass  prisiTsr 
The  test  surface  is  to  be  5  X  5  =  25  sq.  cm.   The  tension  holders  m'H^ 
be  entirely  mobile ;  i,  e.,  a  correct  holding  device  for  tension  test  m 

It  is  absolutely  necessary  that  all  test  pieces  of  hydraulic  bc^^'^ 
materials  be  kept  in  a  space  saturated  with  water  or  submerged^. 
prescribed  for  tension  tests. 

In  order  to  determine  the  adhesion  of  bond  materials  correct::^1 
all  accidental  effects  of  the  material  upon  the  surfaces  nnited  m  "iv 
be  excluded.  Bricks,  therefore,  are  never  to  be  used  when  testS-  ' 
limes,  and  hydraulic  limes  and  cements  in  particniar,  as  they  wov=^ 
form  with  lime  a  puzzuolano  cement,  which  extends  into  the  E'^k: 
stance  of  the  brick. 

For  practical  reasons  such  substances  are  to  be  selected  whf 
can  be  treated  with  alkalies  and  acids  without  changing  their  co  '^ 
position.      Really  this  leaves  only  ground  glass  and  biscnit  porc::^ 
lain  plates,  and  ground  glass  deserves  preference  for  reasons 
economy  and  as  it  is  affected  but  very  slightly  by  lime. 

All  ground-glass  plates  are  to  have  the  same  finish. 

7.  Density  of  Different  Ilydraulic  Bond  Materials  for  the 

Preparation  of  Mortars. 

The  density  is  determined  by  the  well-known  mortar  volnm  ^ 
meters  or  mathematically  by  Stahl's  method  (which  is  given  in  tl:::^ 
XlVth.  Part  of  the  Mittheilungen  aus  dem  mechan.  techn.  La-^ 
oratorium  der  kgl.  techn.  Hochschule,  pp.  252  and  270)u 
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REGISTER. 

BegLBter  of  na.meB  of  those  gentietnen  who  took  part  in  the 
eliberetions  of  the  conferences  at  Munich  (M)  and  Dresden  (D) 
"1  were  meinberB  of  the  standing  committee  (C,.  and  C,,.},  or  who 
estill  intereeted. 


DEI-EOATFB   TO   THE   CONFEBEKCES, 

"oat,  G.,  Prof,  der  kgl.  tecljn.  Hochsulinle  Mflnthen (M.) 

''•  C.  Prof,  der  kgl.  teckn.  HocbBcbalH  in  Stuttgart  u.  Vorstand  der 

MBtfrial-Pralungs-Amnalidna (M.) 

tliinger,  Job.,  Prof,  der  kgi,  leclin.  Hochschule  in  Mfliicben  tind 

■'orstuid  des  niecli.'techa.  Laboratonuma  derselban (M,  Cl,  D,  Cll.) 

Ubskj,  X.,  Professor  iind  Vorstand  des  mecb.-techiiiauben  L&bora- 

arJDins  am  Wegebau-lDgenieur-Instiiut  In  St.  Pi'tersburg. .  .(M,  Cr,  D,  Cir.) 

ar,  Rudolf,  Iiigenieur  der  Ost.-ung.  SCBatseiaeiibabn-Oeaellscbaft  in 

Vien _ (M.) 

:t,  ¥.,  Stadtbaadirectorin  Wien (Cl,  D,  Cll.) 

;,  kgl.  BuuratbandeDsSchs.  S:aalsbabnen  in  Chemnitz (M,) 

nann.  A.,  Cement f.  in  Linz,  OberOsterreitli (M,  Ci.) 

It.  R.,  kgl.  Professor  in  Chemnitz (M.) 

lollj-.  A..  Cementfabr.  in  VVildau-Eberswalde (M.) 

eke.  Dr..  Asaiatent  der  Phj^ik  an  der  kgl.  tecliolscheii  Bochschule 

11  Manclien (Cr.) 

,  Itupert,  k.  k.  Acadeiiiie-Dirnctorin  Leobea (M,  Cl,  D,  Cir.) 

iii;^.  F.  Oberingeiiieurdes  rho,  Dampfkessel-UebpnracUungs-Vtii'eins 

DDftsseldorf (M.) 

iiiann,  Bauralb  in  Berlin (Cr.) 

le.  Dr..  Voraiand  d.  k.  PrilfungBiinstalt  fllr  Ban  material!  en  iu  Ber!in- 

liarlotlenburg. (M,  Ci,  D,  Cil.) 

bes,  HafenbaudirectoT  a.  D.  in  Witn (Ci,  D,  Cit,) 

!r.  Ernst.  Prof,  der  tech.  Hochsch.  in  Darms'adt (M.) 

19,  HQltendlnctorin  Dorimiind (M,  Cl) 

Dg,  Ingenieur  in  Berlin  S.  W.  11,  Bahnbofntr.  4 {M,  Cr.j 

Karl.  Architekt  in  Hamburg (Cl.) 

Oberforst-Inapector  in  Bern (Cl,) 
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Curti,  Dr.,  Indnstr.  in  Winzendorf  bei  Wien.-Nensudt Oi,CL) 

Dietrich,  Professor  der  kgl.  technisclien  Hoclischole  Berlin-durlottea- 

burg (M.  Ci,D,CiL) 

Dyckerhoff,  Rud.,  Portland-Cementfabrikant  in  AmSnebarg  bei  Ble- 

briclia/Rli W 

Ebermayer,  Oust.,  kgl.   Rath  bei  der   Generaldirektion  der  k.  \mjr. 

Staats-Eisenbabnen  in  Mtlnchea (^^ 

Eckeniiann,   Oberingenieur  des  nordd.   Dampfkessel-Ueberwachaugs- 

Vereins  in  Hamburg (M,  ^ 

Eisenbeis,  Ingenieur  in  MQnchen C^ 

£rdmeDger,Dr.,HannoY.  Portlaud-Cementfabrik  Melsbmgbei  HannoTer       {C. 
Erbardt,  R.,  tcchn.  Director  der  Neunkirchner  Eisenwerke  Gebr.  Stumm 

in  Neunkircheii  bei  Saarbrdck (C? 

Esner,  Dr.,  Hofruth,  Professor  an  der  k.  k.  Hocbschale  fUr  Bodencul- 

tur,  Director  des  tecbnolog.  Gewerbemuseums  in  Wlen (M.  ^ 

Fischer,  Hugo,  Prof,  des  kgl.  Polytechnik.  in  Dresden 4 

Ffirster,  Ritter  v.,  Architekt  in  Lilienfeld C" 

•  Frauenbo1z,W.,  Professor  der  kgl.  techniscben  Hochschule  in  MtiDchen       C 

G&rtner,  E.,  Ingenieur  in  Wien (J^t^ 

Gayer,  Dr.  Karl,  Uniyersit&ts  Professor  in  Milncheu C 

Gerber,  H.,  Ingenieur,  voim.   Director  der  sildd.   BrUckenban-Actlen- 

gesellscliaft  in  Milnchen (M, 

Goedicke,  Ed.,  Hiitteningenieur,  Donawitz  bei  Leoben  jetst  Scbwechat 

bei  Wien (M,  Ci,  D,  C 

Gollner,W.,k.  k.  Professor  der  deutscben  tecbn.  Hocbecbale  in  Prag.(M,  CX  C 

Gottgetreu,  R.,  Prof,  der  kgl.  techn.  Hochscb.  Mflnchen < 

Gottschaldt,  Alw.,  kgl.  Professor  in  Cbemoitz (M,» 

Grau,  Ad.,  kgl.  Hiitteningenieur  in  Regensburg 

Grass,  Dr.  0.,  II ill tendi rector  in  Duisburg-Rnhrort 

Gyssling,  W.,  Ingenieur  und   Director  des  bajr.  Dampfkessel-Ueber- 

wachungs-Verelns  in  Milnchen (M, 

Haage,  A..  Oberingenieur  des  sficbs.  Dampfkessel-RevisionB-Vereins  in 

Cliemnitz 

Haedicke.  Director  der  Fachschulen   und   Lehrwerks-st&tten   in  Rem- 

scheid (M, 

Hartig,  Dr.  Regierungsrath,  kgl.  Professor  am  Poljtechnikam  in  Dres- 
den    (Ci,  D,  < 

Haslinger,  Th.,  techn.  Director  der  Portland-Cementfabrik  in  Finken- 

walde  bei  stettin i 

Hauenscbild,  Prof. ,  Geologe  u.  Cbemiker  in  Aarau (M, 

Ileintzel,  Dr.  C,  I^aboratorium  und  Versuchsstation  ftLr  die  Cement- 
Industrie  in  Lilneburg (M, 

Herfeldt,  Gabr.,  Tuffsteingruben  und  TrassmtLhlen  in  Plaidt  bei  Ander- 

nacb (Cl,  D,  i 

Hesse,  Theodor,  Fabrikant  in  Frankfurt 

Hilpert,  Ad.,  Director  der  Mascbinenbau-Actiengesellschaft  Nllrnb.,Yorm. 

Klett  und  Co.  in  Nttrnb (M, 

Hoffmann,  Regier.-Baumcister,  Berlin  N.  EesseUtr.  7 i 

Howaldt,  Gg.,  Kieler  Schiffswerft  in  Kiel (Q,  ( 

Huber,  H. ,  Portl.-Cementfabrik  in  Rozlocli,  Schweiz 

Hiibner,  W.,  Maschinen fabrikant  in  Mannheim , 
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}ttuj,  K.,  k.   k.    Bergnth,    Profenor   der    tecbnischeo    BochschuU. 

men (M,  fl.) 

JraiDf,  jnn.  EisenbsbniDgeiiiear  in  Wien {M.) 

KiLtmp.  B.  H..  Mflscliinenfabrikaiit,  Firma  Nogel  KBmp  in  Hamburg (D.) 

E>r(«r,  P.,  Archilekt,  VorBt.  d^T  PrafaugSBDetal  t  fDr  tiaumateria!.  an  d. 

Iigl.  BaagewerbeBcliule  in  Dreeden (D.) 

K«im,  Adolf,  Chemlker  nod  Redacteur  in  MDiicben (M.  Ci) 

EMfler.  Franz.   Ingenienr  der  k.  k.  priv.  Osterr.'ung,  Staaix-Eis^nbahn- 

GessllBchatlin  WJBQ (M.) 

Eiipcl;.   A..  BUior  v.,   Dirt>ctor  der  k,   ung.  StutiB-eisenbalinwerke  in 

Budapest (Ci.) 

^k,  Fr.,  k.  k.  Professor  der  deutscben  lecbu.  HocliFckole  in  Prag 

(M.  Ct,  D,  Cn.) 
lilgbe,  C.,  AfiaiHtPut  dea  roecb.-tecbnii'Dben  LaboratdrlnmB  der  kgl.  tecLn. 

Hoptiscbole  in  MOnciieu <M.  D.) 

KrelJ,  MeiallfabrikiuSt.  Pwersbtirg,  W>boiger  Seita (Cl.) 

l*chuer,  C,  Cenient/Bbrikant  )n  Oberksmmerlob (M.) 

Leoba,  Artbur,  Cement fabiikl.  in  Nolraigurs  (Sobwei*) (Cr.) 

LenliB,  Ur.  G,.  Cemenifabrikant  in  Ulm (M,  Ci,  Cii.) 

I^ilinjiiDii,  L.,  Ingenicuria  Rndeleiil  bei  Dresden (D.l 

Lichtenfela,  A.  v.,  BetrlebsdIrector-StellTertrereT  der  Oaterr.  slplnen  Mont- 

angBsellBChaft  in  Wien (Cl) 

^tea.  Dr.  T..  Portlandcementfabrikant.  Portknnda (D.) 

Lisnunn,  A.,  Kajiferwerk  in  MDncben [M,  Cl) 

i<*we,  F.,  kgl.  Prof,  der  tedin.  Hochgch.ia  Mttnclien (M.) 

""■rleun,  A.,  Ingeoieur,  VorBland  dec  kgl.  rnech.  techn.  TersnchanBlBlt  ia 

Berlin-Cliarlollenburg (M,  Cr,  D,  Cn.) 

^idiBells,  Dr.  W.,  Ceineniiecbniker  in  Berlin  N.  0.  FriedenEsIr  15 

(M,  Ci.  D.  Cii.)   ^ 
^InsBan,  A.,  Ingenlenr,  Director  In  der  Oupestiklilfabrik  Fr.  Krupp  In 

Essen (M,  Cl.) 

^''Msspn,  H.,  Oberingeiiiear  des  schles.  Vereiiiesi  zar  Ueberwacliniig  yon 

Dampfkesselu  in  Brealan (M,  Ct,  D,  Cll.) 

Mohr,  Maunb.  Mascbinenfabr.  Molir  a.  Fedeibaff  Mannheim (Ci.) 

Woser,  Ingenieor  in  Zurich  (Wesbach) (Cl.) 

^"K?,  D.,  Prof.  derk.  tec^n,  Hocbscli.  in  BiidnpeH (M,  Ci.) 

**^Cmiinger,  Dr.,  kgl.  Forstr..  Univ. -Prof,  in  TQbingen (Cl.) 

Conner,  Hilttendirecior  in  Miliicben (M,  Cl.) 

Olschewsky,  HUtteningrnieur,  Berlin  N.,  Keeeelrtrafse  31 (M,  Ci,  D.  Cii.) 

O^atin,  F.,  I.igenieurin  DOt-Beldorf. (M.) 

■"eters,  Th  ,  Ingenieur  and  OenerBlsecretSr  dea  Vereina  deatscber  Inge- 

nlpiirc.  Berlin (M.) 

t'tatr,  Karl,  k,  k.  Profraaor  am  technolog,  Gewerbemn^eum  in  Wien 

(M.  Ct,  D,  Cii.) 

Pitipl,  A,  Boron  v..  Cement  fab  rikbesitzer  in  Wien (D.) 

PolUmsj-er,  Eisenbahndi  rector  in  Donmund (M.) 

Prfail,  Ft.,  Ingenieur  der  Prager  EleenindustriegeBellscliaft  in  Kladno. . .        (M.) 

I'atnnif.r,  fiust.  A.,  HQtten ingenieur  in  Neoberg (M,  Ci.  D.) 

K'eb  ter.  Oscar,  in  Dresden (D.) 

^"er.  Ed.,  Infp.  der  KuJBer-Ferd.-Nordb.  Id  Wien |M,  Cl,  D.) 

Railia,  F,  v.,  k.  k.  Prof,  der  tecbn.  Hochscl.ule  in  Wien (M,  Ci.) 
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SalUer,  Alb..  Oberingenieur  in  Witkowitz  (Mfihr) (M.  Ci,  Cn.) 

Sattmann,  Aloz.,  HUtteDingenieur  in  Prewali (M.) 

Schifferdecker,  Dr. ,  Cementfabrikant  in  Heidelberg (tf-) 

Sch6n,  Regierungebaumeister  in  MUnchen (M.) 

Schott,  Dr.  F.,  Fabrikdirector  in  Heidelberg (M,  Ci,  Cn.) 

Schuchart,  Htittendirector  in  Wetter  a/Ruhr (M,  Cl.) 

Scliulatschenko,  Professor  an  der  ingcnieur-Academie  in  St.  Petersburg.  (Ci,  D.) 
Snliweizer,  Director  der  Portland-Cementfabrik  in  Rozloch  bei  Luzem. . .      (li.) 

Seger,  Dr.  H.,  in  Berlin-Charlottenburg (Ci.) 

Sickenberger,  F.,  kgl.  Oberbergrath  a.  D.  in  MUnchen (M.) 

Skarbinsky,  J.  M.,  Ingeniear  der  Portland-C^ementfabrik  in  Grada^(Ra88. 

Polen) (D.) 

Smallenburg,  F.  W.,  Ingenieur  in  Ztirich (M.) 

Stabl,  B.,  Regierungebaumeister  in  Frankfurt  a/M (M,  Ci,  Cn.) 

Stockert,  L.  Ritter  v.,  Mascli.-Iugen.  in  Wien (M,  Cr,  D.) 

Stabben,  Stadtbaumeister  in  COln  a  Rh (Cf .) 

Tetmajer,  L.,  Professor  u.  Voi  stand  der  eidgen.  Anstalt  zur  PrQf.  von 

Baumaterialien  in  Ztirich (M,  C'l,  D,  Cn.) 

Toepfer,  A.  E.,  Portland-Cementfabrik  Stern  in  Stettin (M.) 

Tomei,  Dr.  A.,  Director  d.  Portland-Cementf.  in  Oppeln (M.) 

TrOger,  H.,  Roman cementfabrik  in  Wallenstadt  (Schweiz) (Ci.) 

Walther,  Cementfabrik  in  St.  Sulpi9e  (Schweiz) (Ci.) 

Weizner,  k.  k.  Oberingenieur,  Pola (Ci,  D,  Cn. ) 

Wjgand,  Paul,  Verwalter  der  Vereinigten  Cementwerke  :    Stuttgarter 

Cementfabrik  Blaubeuren  und  Gebr.  Leube  Ulm,  in  Blaubeuren (M.) 

Winkler,  Dr.  E.,  Professor  der  technischen  Hochschule  in  Berlin (Ci,  D.) 

Wolff,  E.,  Eisenbahnbaumeister  a.  D.  in  Berlin (D.) 

Zervas,  Wilh.,  in  Firma  Zervas  D.  S5hne,  Tuffsteingrubeii,  TrassmUhlen 

etc.  in  KOlna/Rh (Ci.) 

Zwolenski,  J.,  Oberingenieur  der  Gsterreich.-ungar.   Staatseisenbahnge- 

scllschaft,  Domftuendirection  in  Wien (M,  Gl,  D.) 
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PROCEEDINGS 

OF   TDB 

CINCINNATI  MEETING 
AJIERICM  SOCIETY  OF  MECHANICAL  ENGINEERS, 

May  I3ih  lo  16tb,  1800. 


Local  COMMtrrBE  i— Chnrk-s  A.  Bauer,  J.  K.  Clay,  Z.  B.  Coes.  R.  B.  Collier. 
W.  H.  Doane,  Joe.  F.  Firestone,  Aleiaiider  Gordon,  Gaorgo  A.  Gmy,  Chairman. 
Jitmes  C.  HolMrt.  George  Honiung.  E.  B.  JoliDHloii,  Wiliie  C.  Joupb.  WilliBm 
H,  JonoP,  Joliu  A.  KellET,  0.  W.  Kelly,  Walter  Laidlaw,  H.  M.  Lane.  O.  A.  Lan- 
pUeBr,  Henry  Mari,  H.  P.  Minot,  Qeorge  W.  Pua»ol,  8.  W.  Powel,  A.  W,  Kobiu- 
soo,  S.  W.  KobiUfOD,  Jmues  W.  See,  J.  H.  Springer,  Jaoiea  B.  Stanwood,  Seere- 
lirg.  F.  C.  TrowbrldRe,  J.  U.  Vaile,  E.  B.  Wall,  S.  P.  Wiitt,  J.  F.  WebBUr,  L. 
B.  York. 

FmsT  Day,  Tuesday,  May  13th. 

The  XXIst  meeting  of  the  American  Society  of  Mechanical 
Engineers  was  called  to  order  at  8  o'clock,  in  the  Scottiah  Bite 
Cathedral  of  Cincinnati,  Broadway,  West  Side,  between  Fourth 
and  Fifth  Slreets. 

Mr.  Geo.  A.  Gray,  as  Chairman  of  the  Local  Committee,  intro- 
duced Mr.  M.  E.  IngaUa,  President  of  the  C.  C.  C.  &  I.  B.  B., 
wbo  welcomed  the  Society,  He  was  followed  by  Prof.  H.  T. 
Eddy,  Dean  of  the  University  of  Cincinnati.  President  Oberlin 
Smitb,  who  was  in  the  Chair,  replied  for  the  Society,  after  which 
t'le  professional  papers  were  taken  up, 

The  first  was  that  of  Prof.  J.  E.  Denton,  entitled  "  Measure- 
ment of  the  Durability  of  Lubricants."  This  was  discussed  by 
^^essrs.  Almond,  Porterfield,  Hawkins,  Scheffler,  Dutton,  Webb 
^na  Strong.  The  second  paper  was  by  Mr,  C.  S,  Dutton,  entitled 
'^ome  Esperiences  with  Crane  Chains,"  which  was  discussed 
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by  G.  C.  Henning.  The  third  paper  of  the  eyening 
''Memorandum  "  by  Mr.  Geo.  H.  Barrus,  as  to  his  taking 
tor-cards  from  the  engine  of  the  steamer  CUy  of  Ri^z 
which  conveyed  the  party  of  American  Engineers  on  th  -^ 
of  May,  1889,  from  New  York  to  LiverpooL  At  the  a  Z 
this  paper,  the  party  adjourned  to  the  Beception  Booncr 
nected  with  the  Assembly  Hall,  to  enjoy  an  informal  Bed 
with  refreshments,  tendered  by  the  Local  Committee. 


Second  Day,  Wednesday,  May  14th. 

The  second  session  was  called  to  order  at  10  o'clock  : 
morning  in  the  Scottish  Bite  Cathedral.     The  Secretary's 
ter  showed  the  following  members  to  be  in  attendance  d 
the  sessions  of  the  Convention  : 

Ashworth,  D Pittsbargb,  Pa. 

Almond.  Thoe.  R Brookljn,  N.  Y. 

Ames,  Prof.  W.  L Terre  Haute,  Iiid. 

Beck,  M.  A East  Saginaw,  Micb 

Ball,  F.  H Brie,  Pa. 

Barnard,  Geo.  A New  York  Cllv. 

Banns,  Geo.  H BostoD,  Mass. 

Binsr>o,  Henry  L New  York  City. 

Borden,  Thos.  J.  ( Vice-President) FaU  River,  Mass. 

Brown.  Alex.  T Syracuse,  N.  Y. 

Barnaby,  (lias.  W St.  LoaiR,  Mo. 

Bond,  Geo.  M.  (Manager) Hartford,  Conn. 

Burgdorff,  T.  F.  ( U.  8,  JV.) KnoxviUe,  Tenn. 

Bauer,  Chas.  A Springfield,  O. 

Baugli,  S.  A Detroit,  Mich. 

Brown,  C.  S Terre  Haut^  Ind. 

Barnes,  David  L Chicufiro,  1)1. 

Barnes,  W.  F Rockford,  III. 

Blair,  H.  P Rocliester,  N.  Y. 

Bulkley,  Henry  VV New  York  City 

Baldwin,  Bert.  L Cincinnati,  O. 

Cooper,  Henry  R Syracuse,  N.  Y. 

Cullen,  Jas.  K Cbicajro,  111. 

Colwell,  A.  W New  York  Qtv. 

Clay,  Jobn  R Dayton.  O. 

Caipenter,  Prof.  R.  C Lansing,  Micb. 

Cole,  J.  Wenriell Columbus,  O. 

Crocker,  Jobn  B Hamilton,  O. 

Crouthers,  J.  A New  York  City. 

Cooley,  Prof.  M.  E Ann  Arbor,  Micb. 

Dock,  Herman Philadelphia,  Pa. 


• 
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DMhiell.  Beiij.  J..  Jr Bnliimore,  Md. 

Duwd,  W,  S N.-«-  York  Cit^ 

Dui  tee,  W.  F BlrdBboro,  Pa. 

UerbyBhire,  W.  H Philadelphia.  Pa. 

IMck.  Ji,hii Merxdville,  P«. 

Datiou,  ('.  SpyTnoor  ■ Youiigstonn,  O. 

DowiiB,  H.  8 ChionRo,  111. 

Dodd?,  E Indianiipolis,  Ind. 

Datliiigtnn,  P.  (i lT]diaiiii|ioli»,  Ind. 

iilwrliHrdi.  F.  IVE Newnrk,  N.J. 

Foravll].  \Vm,  (Maniiger). Aurora,  UL 

Foroev,  M,  N Now  York  CiV- 

F»wcett,  E Alliance.  O. 

Firesuiiie,  Joe.  F Columbos,  O. 

Ooujd,  \V.  V Norwich,  fona. 

GrefniviMxI,  J.  H rierrlniid,  O. 

Qoheille,  Jo:u>|ih  Lenn Cleveland,  0. 

liilmore,  Habt.  J Providence,  R.  I. 

GUI.  John  L PbiUdelphia,  Pa, 

Geer.  J.   U    Jobusiown,  Pa, 

Uniy.  Pr.'f.  TIiob Terre  Haate.  Ind. 

Gale,  Prof,  norac^  B St.  Loiiia,  Mo. 

Uray,  Q,  A CInclnDail,  O. 

Hnsliina,  Harry  S Phllndelphii,  Pa. 

Hej[ijem,  Chis.  O MssBilloii,  O. 

H..I1UP,-,  ]Bi.ac  V Beloit.  Wis. 

H^nniiijf,  Qth.  C New  York  City. 

Hibhnnl.  H.  D  '. Piliaburgh.  Pa. 

Hill,  Wm Colrnsville.  Conn. 

Hunt,  f.  W New  York  City. 

Hobart,  Ja*.  C Ciudiinnti,  O. 

Hawkins,  John  T Taiintoi).  Mnss. 

Hcnlborn,  John  T Piovidence,  B.  I. 

HiKjjina,  8 Meadville,  Pa. 

Hnmer.  ileo.  E Elgin,  lU. 

Herman,  U Cleveland,  0. 

Hornniig,  Geo Cincianati,  O. 

Ide,  A.  I. Springfield,  0. 

Jones,  W.  H Cinciimsti,  O. 

JoDM,  W.  C Cincinnati,  O. 

Jacobus,  Prof.  D.  8 Hobokeii,  N.J. 

JenkB,  W.  H Brookviilo, 

Johnsioji,  Ed.  B Cineinnaii,  O. 

KempsmiLh,  F Milwaukee,  Wia, 

Kirk,  W.  A.  L Chatlanoopi.  Tonu. 

Klrby,  Fwi.k  E Detroit,  Mich. 

KindfT,  J.  J,  De '. Phi]i.del|.hia.  Pa. 

KirkevSMg.  Peler Yoongstown.  O. 

King,  C.  1 Msdiaon,  Wis. 

MuKiniiey,  R.  C Hamilton,  0. 

Kelly,  O.  W 8priDglield,  0. 
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Keller,  J.  A Bamilton,  0. 

Lanphear,  O.  A Cincinnati,  0. 

Laird,  Jolm  A St.  Louis,  Mo. 

Lipe,  C.  E Syracuse,  N.  Y. 

Lane,  H.  M Cincinnati,  O. 

Laidlaw,  Walter Cincinnati,  O. 

Landreth,  Prof.  Olin  H Nashville,  Tenn. 

Morris,  Henry  G Philadelphia,  Pa^ 

Magruder,  Prof.  Wm.  T Nashville,  Tenn. 

Mack,  J.  G.  D Cincinnati,  0. 

Miller,  Jas.  S : . .  Brie,  Pa. 

Morgan,  T.  R.,  Sr Alliance,  O. 

Moore,  A.  G Cincinnati,  O. 

Moore,  E.  L Portsmonth,  N.  H. 

McFarren,  S.  J McKeeaport,  Pa. 

Marx,  Henry Cincinnati,  O. 

March,  P.  G ancinnali.  O. 

Miller,  Fred.  J New  York  City. 

Nagle,  A.  F Chicago,  111. 

Nason,  Carleton  W.  {Manager) New  York  City. 

Paaeel,  Geo.  W Cincinnati,  O. 

Percival,  Geo.  S New  York  City. 

Penney,  Edgar Waynesboro,  Pa. 

Porterfield,  H.  O Pittshnrgh,  Pa.     , 

Parks,  E.  H Providence,  R.  L 

Powel,  S.  W Hamilton,  O. 

Penruddock,  J.  H Fort  Gratiot,  Mich. 

Pickering,  Thos.  R Connecticut. 

Rogers.  W.  S ^Troy,  N.  Y. 

Robb,  D.  W Amherst,  Nova  Scotia. 

Raynal,  A.  H Richmond,  Va. 

Roberts,  T.  H Detroit,  Mich. 

Roberts,  E.  P aeveland,  O. 

Robinson,  J.  M New  York  City. 

Robinson,  A.  W^ Bucyras,  O. 

Robinson,  Prof.  S.  W Columbus,  O. 

Randolph,  L.  S Baltimore,  Md. 

Smith,  Oberlin  (President) Bridgeton,  N.  J. 

Stanwood,  J.  B Cincinnati,  O. 

Suplee,  H.  H Philadelphia,  Pa. 

Spies,  Albert New  York  City. 

Smitb,  Jesse  M Detroit,  Mich. 

Smith,  Geo.  H Providence,  R.  I. 

Spangler,  Prof.  Yl.\y,{U.S.N,) Philadelphia,  Pa. 

Smitb,  Cbas.  P Norwich,  Conn. 

Stillman,  F.  H New  York  aty. 

Spaiilding,  H.  C Boston^  Mass. 

Smith,  C.  M.  W Dunkirk,  N.  Y. 

Stiles,  N.  C Middletown,  Conn., 

See,  J.  W Hamilton,  0. 

Sancton,  E.  K ScrantOD,  Pa. 
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^^H          Springei^Jot..  H... 

^^H 

^^^^H           Bonrter,  J.  G. . . 

.  .Dclroit,  Mich.                         ^^^B 

^^^H           Smith,  Chan.  F  . . . , 

^^H 

^^^1           Scbeffler,  Fred'k  A. 

.  .Pittt-burgli,  Pa.                         ^^H 

^^^1 

..Molme.  111.                                 ^^B 

^^^H           Sweenij,  Jobn  M  . . 

.  .Wlieeling,  W.  Vs.                  ^^^B 

^^H           Swase;,  Ambrose 

.  .CleveUnd,  O.                           ^^^B 

^^^^1                               John 

.  .New  Tork                                ^^^B 

^^^H           Tilden,  Jamea  A  . . . 

..lioHton,  MasB.                          ^^H 

^^^H           Underwood,  F.H.. 

^^^^B 

^^H 

.  .DajTon,  0.                               ^^^H 

^^^H          Woodburx,  C.  J.  H. 
^^^K         Webb,  Prot.  J.  B  , . 

iAetiiigBttr*i'im\ 

Boctoti,  Mass.                       ^^^H 

.  .Hohohen,  N.                           ^^^B 

^^^H          Whitlook,  Prof.  R.  U 

Bniii<>9  Co.,  Texnp.                  ^^^B 

^^^V         Wood,  Walter 

..Philadelphia,  Pa.                     ^^^H 

^^^B         Webster.          

.  .BortOD,  Mbm.                             ^^^B 

^^^^B          Wnrrington.  Jease  . 

^^^H         Watt, 

^^^H 

^^^V           WMiney ,  Uait«r  D 
^^^V          Whitney,  Wm.  M. . 

..Winrheadon.  Maaa.                 ^^^H 
. .  Winchendon.  Maas,                 ^^H 

^^^^B         Weehs;  (ieo.  W.  (Jfatiastr) 

.  .Clinton.  Mass.                          ^^^H 

^^^H          Webster,  J.  F 

.  .Springfield,  O.                          ^^^H 

^^^K          W,ruer.Vf.R 

^^^1 

^^^H         Woods,  Prof.  A.  T  . . 

..Champaign,                              ^^^H 

^^^B         Warren,  B.  H 

..BoBtun.MasR.                           ^^^B 

^^^B         Wilry.  Wm.  H.  (7>< 

tamrer) 

..New  York  at.T.                     r^^^B 

^^^^B          Webber,  Win.  0 

..Pillabargb,  Pa.                       ^^^B 

^^^V         Wightmeo ,  D.  a'.  . . 

^^V            Watts,  U<K>.  W 

..Philnddphia,  Pa.                    ^^^B 

^^K           Wall,  Ed.  B 

^^^           Wright,  b.  8 

^^^                                

.  .Portauiouth,  0.                        ^^^^| 

^^^v    The  first  business 

was  the  report 

of  the  Coancil,  which  was     ^^| 

^^^paabmitted  bs  foUows: 

^M 

^^^■^                                                     REPOItT   OF 

THE  cou^cn.                                     ^^^1 

^^^^Tbe  Council  wnuld   present 

its   s 

emi-; 

iiiinual  report   to    tlie     ^^^B 

^^^B£ociety  as  follows : 

^^H 

^^H    The  loS8  by  death  i 

lince  the  report 

at  the  New  York  meeting     ^^B 

^^^hl  NovetnWr  has  been : 

^^H 

^^^V 

■  Mice. 

^^^1 

^^^^K                       Mr.  Sector  C.  Havprmpj 

er. 

^^^^1 

^^^^1                        Mr.  ('. 

^^^B 

^^^E                       Mr.  Chaa.  D 

.  Smith. 

^^^^B 

^^^B 

^^^H 

^^^B                            Quetav 

AdolpL  Biro 
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The  present  membership,  iucluding  the  result  of  tlie  electtonj 
roported  herewitli,  is  distributed  as  follows  : 

Honor  iry  Memlwre 16 

LUh  Members 0 

MBinbera BM 

Associates 48 

Jnnlora IM 

Total 1.133 

The  Council  also  congratulates  the  members  upon  the  con-  1 
summation  of  its  plans  to  secure  for  the  Society's  use  perma- 
nent and  adequate  accommodations  in  New  York  City.  The 
Conniiil  has  made  arrangements  by  which  the  Society  will 
enter  upon  the  occupancy  of  part  of  the  house  No.  12  West 
Thirty-flrat  Street,  New  York  City,  which  has  been  purchased 
and  is  held  by  trustees  under  an  arrangement  which  gives  the 
Society  a  permanent  location  at  this  place.  The  house  is 
exceptionally  large  for  a  New  York  City  house,  being  twenty- 
eight  feet  four  inches  wide,  and  with  the  auditorium  or  assembly- 
hall  is  ninety-eight  feet  deep. 

The  location  is   unexcelled,   being   between   Fifth  Ave.   and  I 
Broadway,  close  to  the  group  of  uptown  hotels  and  within  two  | 
blocks  of  the  new  Engineers  Club,  which  is  directly  in  its  rear. 
It  stands  two  hundred  feet  west  of  Fifth  Ave.,  with  stations  on 
the  elevated  roads,  on  the  Sixth  Ave.  line,  at  Twenty-eighth 
and  Thirty-third  Streets,  and  on  the  Third  Ave.  line,  at  Twenty- 
eighth  and  Thirty-fourth  Streets.     Stage  and  car  routes  are  also  J 
on  Fifth  Ave.  and  Broadway. 

The  auditorium  is  two  stories  high  and  has  a  seating  capacity 
for  over  two  hundred,  and  will  be  lighted  with  electric  incan- 
descence lamps,  and  jirovision  for  adequate  mechanical  ventila^ 
tion  will  be  made.  The  house  will  be  newly  decorated  before 
the  Society  begins  its  occupancy,  and  many  additional  facilities 
will  be  furnished. 

The  business  offices  of  the  Society  will  be  the  large  par- 
lor of  the  house,  at  the  right  of  the  entrance.  Its  library 
will  be  in  the  large  saloon  on  the  second  floor,  and  in  the 
gallery  of  the  auditorium,  which  surrounds  it  on  the  second 
floor. 

The  third  story  will  contain  an  additional  room  for  the  use  of 
members,  where  a  drawing-table  and  other  special  facilities  of 
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this  kind  will  be  furnished  for  the  use  oE  non-resident  membera 
when  in  New  York, 

For  the  present,  in  order  to  meet  the  finanoial  burden  imposed 
daring  the  first  years  of  occupancy  of  the  house,  the  top  floor 
and  the  basement  will  be  leased  to  other  parties  The  Ameriuan 
Institute  of  Electrical  Engineers  will  also  come  into  the  build- 
ing as  tenants — ^their  members  with  ours  having  the  privileges  of 
the  growing  engineering  library.  The  library  opening  in  the 
evenings,  which  was  inaugurated  at  the  New  York  meeting,  has 
been  very  successful  aud  popular  during  the  winter,  and  will  be 
continued  until  further  notice.  Access  maybe  had  to  it  between 
the  hours  of  10  A.M.  and  10  p.m.,  every  day  except  Sundays 
and  the  usual  legal  holidays.  The  interest  of  members  of  the 
Society  is  again  solicited  to  secure  a  more  rapid  development  of 
the  library  feature  of  the  Society's  life,  particularly  in  the  way 
of  contributions  of  books,  pamphlets,  manuscripts,  photographs, 
and  other  similar  mat«riaL 

The  cost  of  the  house  into  which  the  Society  has  arranged  to 
enter  was  $60,000,  of  which  $27,000  has  been  loaned  to   the 
Trustees  by  the  membership,  by  subscription  to  bonds  issaed  by 
that  body,  bearing  interest  at  5  per  cent.     The  generous  response 
of  the  membership  to  the  request  for  money  to  inaugurate  this 
new  feature  of  the  Society's  growth  and  development  wjis  most 
I ,  gratifying.      Over   $10,000   was   subscribed   beyond   what  was 
I  necessary  to  be  paid  in  cash  to  secure  the  transfer  of  the  prop- 
I  erty.     A  "  Sinking  Fund  "  has  also  been  created  by  the  mem- 
I  bers,  by  which  these  bonds  will  be  bought  in  and  become  the 
property  of  the  Corporation,  instead  of  being  owned  by  individ- 
ual members  as  at  the  start     The  contributions  to  this  Sinking 
Fund  range  from  $2  to  $25,  many  of  the  bond-hohlers  contribut- 
ing the  amount  of  their  iutereat  for  this  Bedemption  Fund.     It 
is  urged  that  as  many  as  possible  who  are  not  now  contributors 
to  this  Sinking  Fund,  should  hasten  to  become  so  in  order  to 
diminish   the  interest  account  as  rapidly  as  possible,  and   to 
expedite  the  transfer  to  the  Corporation  of  the  unincumbered 
[■  title  to.  the  property. 

The  CoUQci]  has  held  more  meetings  than  usual  this  past 
winter,  caused  not  only  by  reason  of  the  routine  biisiness  and 
the  acting  upon  an  unusual  number  of  applications,  but  the 
question  of  permanent  quarters  has  been  in  agitation  since  the 
Tery  first  of  the  year.     Much  of  the  result  of  its  action  has  been  ■ 
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made  public  in  circulars  which  have  been  sent  to  the  memW 
ship  from  time  to  time,  or  in  the  Reports  of  the  CommiUeeBto 
be  presented  at  this  meeting. 

The  Council  would  further  present  the  Beport  of  its  Tellen 
of  Election  as  follows  : 


REPORT  OF  THE  TELLERS,  XXI8T  MEETING. 

The  Council  herewith  presents  the  report  of  its  Tellers  B 
folllows  : 

The  undersigned  were  appointed  a  Committee  of  the  Goim€ 
to  act  as  Tellers,  under  Bule  13,  to  count  and  scrutinize  til 
ballots  cast  for  and  against  the  candidates  proposed  for  mei 
bership  in  the  Society  of  Mechanical  Engineers,  and  seekii 
election  before  the  XXIst  meeting  of  the  Society,  in  May,  189 

They  would  report  that  they  have  met  upon  the  designati 
days  in  the  office  of  the  Secretary,  and  proceeded  to  the  di 
charge  of  their  duties. 

They  would  certify  for  formal  insertion  in  the  records  of  tl 
Society,  to  the  election  of  the  appended  named  persons,  to  the 
respective  grades,  upon  Lists  Nos.  1  and  2,  respectively  pii 
and  yellow. 

There  were  417  votes  cast  in  the  ballot  upon  the  pink  list, 
which  14  were  thrown  out  because  of  informalities. 

There  were  404  cast  upon  the  yellow  ballot,  of  which  13  we 
thrown  out  because  of  informalities.  The  lists  are  append 
below. 


Carleton  W.  Nason, 
Wm.  H.  Wiley, 


} 


TeOera, 


Agassiz,  A. 
Baldwin,  Bert.  L. 
Boies,  H.  M. 
Bristol,  Wm.  H. 
Brown,  Alex.  T. 
Brown,  Chas.  S. 
Canning,  Wm.  P. 
Carter,  Vaulx. 
Cite,  Joseph  D. 


FOR   HONORARY  HEDIBERSHIP. 
Porter,  Chas.  T. 


AS  MEMBERS. 

Clarke.  Thos.  Curtis. 
Clark,  Walton. 
Clawson,  Linus  P. 
Coleman,  John  A. 
Corry,  Wm. 
Crocker,  John  B. 
Darlington,  Frank  Q. 
Dashiell,  Wm.  W. 
Davis,  Chas.  H. 


Davis,  Chester  B. 
Delaney,  Alexander. 
Derbyshire,  Wm.'H. 
Drysdale,  Wm.  A. 
EhbetB,  0.  J. 
Ehlers,  Peter. 
Qibbs,  Qeo. 
Gray,  Thoii. 
QraveB,  Erwin. 


a,  9>mael  W. 

am.  Paul  H. 
lia,  John  H. 
1•^T.  Allen. 

itaa,  Om.  B. 

ttSi,  Samuel  E. 

hatm,  Cftrl  A. 

nbnioti,  Nils. 

aon,Ed<rJnH. 
tosn,  Forrest  K. 
Join,  Job  nT. 
Kdmh,  Sirlcklatid  L. 
Laps,  Wm.  E. 
'1>Mud,  Arthur. 

Lnrii,  Hollin  C.  W. 

Kuk,  Jolin  G.  D. 
IfaKiiiBey.  Bobt  C. 
KMgtdinl.  Wm.  C. 


m  tWdmll,  A.  J. 
P  Crnatiiank,  Barton. 
Pliii  Jolin. 


Aodereon,  Lara.  W. 
Sates,  Albert  H. 
Bttlloclr.  Edwin  R. 
Churchill,  W.  W. 
*^<»J»r,  Hfury  B. 
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Martinez,  Manuel  J. 
Mellea.  Edwin  D. 
Mellin,  Carl  J. 
Miller,  Fred.  J. 
Moore,  A.  G. 
Moore,  Donglaa  C. 
Mntler,  Edward  A. 
Keare,  Joseph  B. 
Nicbolfl,  Frank  L. 
Ulls,  S|>encpr. 
Peck,  Staunton  B. 
Perry,  NhIhou  W. 
Poulen,  Anders. 
Porterfield,  H>  A. 
Price,  Joba  A. 
BamaBy,  J  ax.  D, 
Reiss,  Geo.  T. 
Bice,  AlvaC. 
Rice.  Ricliiinl  H. 


Bicliter.  Emet, 
Kie«enberger,  Ad  am. 
BliarpleB.  Philip  M. 
Sheldon.  Frauk  P. 
Bhirrell.  David. 
Bmllh,  ThoB.  O.,  Jr. 
Smith,  Walter  W. 
Snow,  Sylvesler  M. 
Soruborger,  Edwiu  C. 
Spllebur;,  B.  G. 
Stockhara,  Wm  H. 
Torrey,  Herb«rl  Gray. 
Towl,  Forrest  M. 
TjQftn,  J.  W. 
Van  Atia,  Flnrty. 
Wood  E.  J. 
Wood,  Malt.  P. 
Wright.  Louis  S. 
Zehuder,  Chan.  II. 


PBOMOTION   TO   FDLL   MEMDEB8HIP, 

Sinclair,  Ge.'.  M.  Trump,  Edward  H. 

TompkiuF.  S.  Wood,  Wnllyr. 


ASBOaATES. 


Pouie; 


,  Lc 


s  R. 


AS  JUNIORS. 
DaHhiell,  Benj,  J.,  Jr. 
Dawes .  Robt. 
Diokel,  Geo. 
Eilers,  Karl. 
MagoQD,  H'y  A. 


Redwood,  Iltjd  1. 


Roes,  Edward  G. 
TUomaF,  Edward  G 
Waldron,  Fred.  A. 


The  report  of  a  Special  Committee  appointed  by  the  Council 

^  memorialize  the  Congress  of  the  United  StateB  in  the  matter 

'*'  «  suitable  recognition  by  the  Nation  of  the  work  of  Capt.  John 

■•^lesson,  late   member   of  this   Society,  reported   through  its 

***irman  the  following  letter  and  draft  of  such  memorial  : 


"THB   AUERICAH    BOCIKTT  O 
^  &NTLEUEN  : 


t  h.„ 


the  honor  to  submit,  berewi 


a  memorial  prepared  bj  the  Conninittee 
^^^t»ointed  by  yon  to  memorialise  ConjfresH  relative  to  the  erection,  by  the  General 
^^lerament,  of  a  monument  Id  memory  of  our  recently  deceased  colloagne.  the 
^^(t  engineer  and  inventor,  John  Ericsson. 
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Your  committee  bave  prepared  this  memorial,  and  desire  tolaj  it  befonfl 
Society  as  a  report  of  progress,  with  the  suggestion  that  it  be  printed  and  p 
sented  to  Congress  in  such  a  manner  as  may  be  determined  to  be  most  likely 
aci-omplish  the  object  for  which  your  Committee  is  appointed.  Authority  bd 
conferred  upon  the  Committee  to  proceed,  steps  will  at  once  be  taken  to  lij  \ 
matter  before  Congress. 

Very  respectfully, 

R.  H.  Thubbtox, 

Chairmai 
For  the  Committee. 

Amebican  Society  of  Mechanical  Enoiitebbs, 

Nbw  York  City,  189 

To  THE  EONOItABLE  THE  SENATE  AND  HOUBE  OF    REPBEBEHTATIYES   OV 

United  States  of  Amekica,  in  Conobess  assembled. 

The  undersigned,  a  Committee  of  the  American  Society  of  Mechanical 
gineers,  appointed  to  represent  that  body  as  memorialists,  respectfully  sul 
the  following  statement  and  request  : 

In  tlie  death  of  John  Ericsson,  one  of  the  greatest  inventors  and  mecb 
cians  of  the  last  generation  and  of  the  present  century,  as  well  a  membc 
this  Society,  and  one  of  our  most  dihtinguhshed  colleagues,  our  country  has 
one  of  its  greatest  benefactors,  the  profession  one  of  its  noblest  members,  and 
world  one  whose  genius  has  seldom  been  equalled  and  has  never  been  surpas 

When  the  integrity  of  this,  his  beloved  adopted  country,  was  threatene 
internal  dirtt<ensionp,  this  already  famous  engineer  dropped  every  other  pre 
and  gave  his  whole  time  and  every  power  of  his  mind  and  bodj  to  the 
duction  of  an  engine  of  war  that  was  to  effect  a  complete  revolution  in  mo 
methods  of  naval  construction  and  which,  as  all  know,  appeared  upon  the  s 
of  action  at  an  instant  when  everything  seemed  lost,  beating  back  the  foe 
saving  the  remnant  of  our  fleet,  thereby  preserving  very  possibly  the  U 
itself.  Tliis  extraordinary  vessel,  called  by  Ericsson  the  HoniUor,  with 
expressed  intention  of  admonishing  not  alone  this  country,  but  the  whole  ^ 
that  metliods  of  naval  warfare  would  be  changed,  was  designed  complete  i 
extraordinarily  short  time.  The  hull  was  built  by  Thomas  F.  Rowland  o 
Continental  Works  and  the  engines  and  many  important  details  constn 
by  Ericsson's  life-long  friend  and  financial  supporter,  the  late  Comeliui 
Delamater.  The  vessel  was  built  and  launched  in  one  hundred  days,  with  s 
already  raised.  She  was  sent  to  sea  in  an  emergency  almost  without  trial, 
next  day  steamed  into  Hampton  Koads,  where  the  Merrimae  had  already  shi 
herself  invincible  in  a  contest  with  our  wooden  fleet  and  when  it  was  believe 
those  who  witnet^sed  her  fearful  attack  upon  the  Congreu  and  the  Cumbet 
that  no  human  power  could  avail  to  prevent  the  complete  destruction  oj 
fleets,  and  the  raiding  of  the  blockade  upon  the  soutbem  sea-ports.  The  resul 
the  introduction  of  this  new  and  strange  vessel  upon  the  sea  need  not  bedeta 
The  repuLse  of  the  Merrimae  by  the  MoiAtor  was  an  essential  factor  of 
success  in  repressing  the  rebellion.  What  might  have  been  the>  consequenc 
she  had  not  appeared  at  that  time  have  been  a  thousand  times  describe 
military  critics.  Your  memorialists  simply  desire  to  ask  that  the  work  of 
day  and  its  far-reaching  results  be  remembered,  and  that  the  nation,  by  it 
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ow  iI9  gratiiude   lo  the  grpat  inventor 

•to  prpfierve  its  lieeta,  protect  its  ariuies, 

tioti   from  dianipiion  tliaa  all  its  foreea 

9  Bid  of  EricsHon'H  geuias.      But  a  day 

le   world    were  impoteut  to  avert   the 

t  and  the  haad  at  one  great  patriot  and 

lent  of  tlie  appamiitly  impot^elbla.     Oat 

to  receiTB  the   support  of  Uie  navy,  tlia 

1  and  the  poiiaibility  of  preservintj  tliis 

ainty.      From  tbal  memoralile   day  on 

I  compelled  her  destruattoo.  no  aerioua 

ft  ol  the  blockade,  of  the  failnre  ot  the 

the  more  drfaded  inlerferuiice   ot  any 

lellioD.     Thai  day  the  Dniied  States  of 

e  world,  as  on  the  one  baud  a  peaceful 

I  on  tier  own  Fhoreo.  even  In  the  face  of 

t  fearing  no  combination  of  the  moat 

that  John  Ericsson  did  more  than  any 

d  lo  give  thia  nation  absolutn  indepen- 

^el  \a  the  eyes  of  the  civilized  world. 

to  should  be  BQlIicleDt  to  warrant  thia 

>ct  and  esteem  from  aRraiefiil  nation, 

>r  works  of  this  most  estraordlDary 


peflng,  hta  remitkable  locomotive,  the 

,ven  the  historic  "  Rocket "  of  George 

lis  wonderful  fertility  of  invention 

Iples  iuvolved  in  the  application  of 


t  the  solicitation  of  Com.  Slock- 
lur-seein^  naval  olSceni  of  the  time,  he  brought  to  us  the 
RiTenti'm  which  has  revolution iied  modern  naval  conBtruction,  tlie  screw  pfo- 
*|ie1ler ;  and  the  U.S.S,  Princeton  was  the  Qr^t  of  a  fleet  that  became  and  re- 
[ttaiiied  until  the  outbreak  of  our  civil  war  the  best  navy  afloat,  Iii  giving  lu 
{)te  porew  propeller,  tlie  great  inventor  conferred  upon  ns  an  advantage  which  it 
)■  ImpoBBlble  to  overeBlimate  ;  hut  ho  wb.^  himself  never  paid  tor  his  office  labor, 
and  the  governmeut  which  he  later  did  an  much  to  save  haa  never  yet  relieved 
itaelt  even  of  the  money  obiigatioti  tlien  incurred.  ' 

His  complete  eiperiments  with  the  "hot  air"  or  so'Called  "caloric"  engine 
■howed  to  the  world  the  pnanbilitiea  and  limitations  of  that  system,  aiid  resulted 
la  providing  a  source  of  power  which  can  be  pufely  utilized  in  any  locution  by 
Uiose  nufarolliar  with  the  technical  details  of  management  of  sleani-engines  and 
othermotora,  and  has  formed  the  bn^is  of  an  Important  and  far-reacbing  industry. 
Hla  more  recent  work,  de^^igned  to  utilize  directly  the  heat  of  the  xuii  by  means 
of  his  sun  motor,  showed  liis  love  ot  investigation  to  ascertain  scientific  truths 
rather  than  fur  his  own  advanuge,  and  there  is  uo  doubt  that  the  labor  expended 
ia  tilts  direction,  illuBtraiio^some  of  the  highest  attalDmentHofhis  great  genina, 
wtn  be  utilized  ander  modided  conditionn  In  the  development  of  great  inveDttoiu 
in  the  future. 

His  foresight  in  the  constraction  of  the  Monitor,  which  would  be  invulner 
D  ordinary   attac1;s  above  ihe  aurface  of  the  water,  led  him  to  provide  for  the   I 
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future,  when  the  wealthier  foreign  nations  ehould  have  oonstnieted  enoraoi 
vessels  embodying  the  principles  of  the  Monitor,  bat  of  sufficient  powff 
threaten  our  own  with  destruction.  To  accomplish  this,  he  deTeloped  k 
constructed  some  years  since  the  Destroyer,  another  style  of  vessel,  cipslik 
destroying  a  Monitor  or  any  other  form  of  iron-clad  by  attacking  it  with  • 
marine  projectiles,  which  would  reach  vital  parts  below  water  where  proled 
was  impossible.  The  Destroyer  has  not  received  the  attention  and  enoouitgesi 
its  merits  demanded,  simply  because  the  former  invention  of  the  MimUw 
made  the  days  of  peace  so  lasting  that  there  has  been  no  necessity  of  atili 
his  next  great  step  in  the  development  of  modem  naval  warfare. 

We  are  instructed  by  the  American  Society  of  Mechanicftl  Engineers  tc 
quest  that  Congress  recognize  the  eminent  and  inestimable  services  rend 
our  country  by  this  great  engineer,  and  take  action  in  such  manner  as  may  i 
best  and  most  appropriate  to  commemorate  the  work  of  John  Elricsson  am 
part  which  he  took  in  the  preservation  of  our  national  union,  and  to  show 
appreciation  of  the  nation  of  his  genius  and  industry  in  the  development  o 
great  inventions  and  discoveries,  which  made  their  impress  upon  the  tin 
which  he  lived  and  have  already  proved  a  blessing  to  all  mankind. 

In  the  province  of  Wormland,  Sweden,  there  stands  a  monument  bni 
the  people  of  his  native  village  ;  a  shaft  of  granite,  on  which  is  inscribe 
legend  :  '^  John  Ericsson  was  born  here  in  1803."  Foreign  monarchs  andgo' 
ments  have  conferred  upon  our  fellow-citizen  and  compatriot  honors  and  o 
of  every  degree  and  in  great  numbers  ;  every  great  nation  has  vied  with  < 
other  to  do  him  honor ;  he  was  elected  to  honorary  membership  in  the, 
scientific  and  engineering  societies  of  Europe  and  America  ;  he  was  sorl 
with  that  attention  which  comes  of  great  fame.  Humble  workmen,  , 
nations,  private  citizens,  powerful  government  officials,  at  home  and  ab 
recognized  his  genius,  admired  his  works,  appreciated  his  patriotism  and ' 
greatest  achievements  inspired  by  it ;  but  only  his  adopted  country  and  hii 
government  have  failed  to  exhibit  in  any  manner,  even  in  the  most  insignil 
way,  that  gratitude  and  that  respect  which  he  has  so  well  earned  and  i 
should  have  been  his  in  such  immeasurable  degree.  John  Ericsson  diet 
honored  where  he  should  have  received  most  reverence,  and  his  own  coo 
which  he  did  so  much  to  save,  is  still  In  his  debt.  It  is  this  wrong  that  in 
appointed  to  ask  the  government  of  his  country  to  right ;  it  is  that  honor,  si 
fully  late  thougli  it  may  be,  that  we  are  desired  to  ask  for  oar  comrade  o 
greatest  of  his  innumerable  l>eneficiaries,  our  own  country. 

All  of  which  is  respectfully  submitted  for  the  American  Society  of  Mechi 
Engineers. 

R.  H.  Thubston, 
Chab.  E.  Ekbby, 
j.  f.  holloway. 
Geo.  H.  Hobinson, 
E.  D.  Lkavitt, 


Committee, 


On  motion  of  Mr.  B.  H.  Warren,  the  draft  of  the  Comm 
was  accepted  and  adopted  as  the  sentiment  of  the  Society. 

The  printed  reports  of  the  Committees  on  Uniform  Metl 
of  Conducting  Duty  Trials  of  Pumping  Engines,  and  of 
Committee  on  Uniform  Methods  of  Test,  were  presented 
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I  accepted.      In  presenting  the  report  of  the  Committee  on  Uni- 
I  form  Methods  of  Test,  the  following  discussion  was  had  : 

Mr.  G.  C.  Helming.— J  should  like  to  say  a  few  words  about  ] 
this  report.     The  report  unfortunately  was  not  ready  for  distri- 
bution before  the  meeting.     The  appendix  was  received  a  few 
days  ago.     The  report  is  presented  provisionally  for  the  pur- 
pose  of  obtaining  a  written  discussion  by  all  those  who  are 
interested  in   this  matter.     The  Committee   proposes   to   send 
copies  of  the  report  to  members  of  the  Society  and  non-mem- 
bers, to  engineers  and  special  sts  interested,  abroad  as  well  aa 
in  this  country,  to  obtain  their  views;   and  then   to  continue 
their  work,  if  desirable,  in  order  to  propose  standards  universally 
,  acceptable,  if  possible.     The  only  definite  recommendationB  that 
can  be  made  now  which  have  been  mentioned  in  the  paper  are 
those  which  refer  to  standard  or  scientific  testa.     Tlie  report 
states  this,  but  if  it  is  not  read  very  carefully  this  point  might 
be  overlooked ;  and,  therefore,  I  wish  to  call  particular  atten- 
tion to  it.    The  Committee  has  not  yet  been  able  to  make  general 
recommendations  for  routine  or  shop  tests,  such  as  are  carried 
'  on  almost  everywhere  in  this  country  in  shops  and  mills  ;  the 
'  recommendations  made  and  shapes  of  test  pieces  given  in  this 
report  are  at  present  intended  solely  for  standard  or  scientific 
I  testing.     There  may  be   other  standards  advisable  for  routine 
I  testing,  because  neither  the  time  nor  money  can  be  spent  ia  I 
I  routine  testing  which   must  be  spent  on  scientii^c  tests,  or  the  I 
I  preparation  of  test  pieces;  in  such  there  must  be  no  differences 
I  to  shape  or  size,  or  character,  in  any  way.    In  scientific  or 
f  standard  testing  too  much  pains  cannot  be   taken  in  preparing 
I  the  preliminary  matters,  of  whatever  kind  they  are.     In  routine 
I  testing  these  matters  are  frequently  overlooked,  and  the  object 
[  of  the  Committee  is  now  to  collate  as   much  material  on  the 
subject  of  routine  testing  as  will  show  whether  a  general  method 
I  can  be  formulated.     The  Committee  has  also  found,  upon  inteir-  j 
I  idews  with  the  prominent  specialists  engaged  in  testing,  in  Aua-   ' 
tria,  Germany,  France,  Belgium,  Switzerland  and  Great  Britain, 
that  the  methods  adopted  for  routine   testing  in  this  country 
are  almost  identical  with  those  that  have  been  in  use  abroad. 
L  Consequently  there  seems  to  he  comparatively  little  trouble  to 
I  propose  standarthi  which  maybe   international.     But  the  Com- 
f 'mittee   has   not   had   time,  as  I  have  before  stated,   to   settle  I 
|-  definitely  ujion  this,  or  to  embody  it  in  this  report,  and  for  that  ] 
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reason  the  members  of  the  Society  are  particularly  requeste 
look  into  this  report  and  send  in  their  discussion  in  vri 
There  is  so  much  matter  contained  in  a  report  of  this  kind 
if  each  paragraph  were  taken  up  it  would  probably  call 
lengthy  disscussion.  So  it  seems  better  to  present  the  r 
provisionally  that  those  who  are  interested  in  the  worl 
study  it  at  leisure,  and  then  discuss  it  intelligently  a 
length. 

On  motion,  the  report  was  accepted  and  the  Committee 
tinned. 

Mr.  Wm.  Forsyth. — The  subject  of  this  report  is  standard 
and  method  of  testing.  That  is  a  very  general  term, 
work  of  this  committee  is  to  be  confined  to  methods  of  t 
materials,  it  seems  to  me  that  the  word  "  materials  *'  shoi 
added  to  the  title  in  order  to  distinguish  it  from  the  w 
Committees,  on  testing  other  things.  I  would,  therefore, 
that  the  word  "  materials  "  be  added. 

The  President. — Then,  your  motion  is  that  the  name  o 
Committee  be  altered  to  read,  "  Keport  of  Committee  on  i 
ard  Test  and  Methods  of  Testing  Materials  ?  " 

Mr,  Henning. — I  would  say  that  this  Committee  has  s 
been  known  as  indicated  by  the  title.  I  think  myself  it 
be  advisable  to  say  that  the  Committee  is  a  Committ 
Standard  Tests  and  Methods  of  Testing  Materials,  becaue 
includes  not  only  materials  of  construction,  as  generally  i 
stood,  but  woods,  alloys,  and  the  soft  metals.  To  add  the 
"  materials  "  would  be  sufficient  to  characterize  the  Com 
work  fully. 

The  President. — It  is  moved  that  the  word  "  materials  " 
pended  to  the  name  of  this  Committee. 

The  motion  was  seconded,  and  duly  carried. 

Later  in  the  meeting,  a  discussion  by  Mr.  A.  M.  Welli 
on  the  report  on  the  method  of  conducting  duty  tri. 
pumping  engines,  was  presented,  and  Mr.  Gteo.  H.  Barr 
Chairman,  presented  the  following  request : 

Mr.  Geo.  H.  Barr  us. — As  Chairman  of  the  Committee  on 
Trials,  I  would  like  to  say  that  I  am  very  glad  to  have  th 
cussion,  and  I  am  sure  that  the  other  members  of  the  Com: 
will  agree  with  me.  I  wish  there  could  be  a  more  genen 
cussion  of  the  subject  before  it  is  left.  It  is  not  impossib] 
there  are  ofcher  matters  to  which  some  have  taken  exceptic 
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Which  might  be  brought  out  at  this  meeting,  and  I  would  be  I 

ft^ery  glad  jjeraoQally,  and  I  think  the  other  members  of  the  Com-  ] 

Biittee  would  be,  too,  to  hea.r  what  the  members  have  to  say  1 

Inpon  it. 

In  view  of  these  considerations,  it  was  suggested  that  botli 
Committees  continue,  and  that  the  members  be  solicited  to  present 
further  suggestions  and  comments.  The  reports  aa  presented 
are  printed  as  papers  of  the  meeting,  but  they  will  be  again 
presented  at  a  future  meeting  for  final  acceptance  as  the  work 
of  the  Committees,  with  such  discussions  appended  to  them. 
The  report  of  progress  of  the  Society's  Committee  on  Stand- 
i«rd  Flange  Diameters  of  Pumps,  they  then  presented  as  fol- 
I  lows : 

PhOlADBlphia,  Pa.,  April  6th,  18B0. 

TOTHB  PBEBIDBKT  AiSD  MCUSBRa  AUERICAK  SOCIETY  MBCnAKICAL  EKOIttEBRB, 

Oehtleuen; 

Tlie  Commitlee  on  Flange  Diameters  of  Pauips.  Vtilvee  and  PipeH,  be(^  to  sab- 
mlt  the  foiluwiDg  report:  Owing  lo  tiie  pressure  at  oilier  mnttere  reigiilrhig  the 
Ktentioo  of  vour  Cbuirman,  and  chacgoa  lo  ihe  addresses  of  some  at  tlie  niein- 
bere.  whicli  inlerrupted  commuDicatioD  wiih  them,  no  active  nteps  were  tn ken 
tmUl  D«c.,  1880,  wben  a  circular  (a  copj  of  wliicli  is  appended)  w»a  sent  to  forty- 
elgbt  manufaMurera  aud  ageuls  of  pumps,  valves,  etf.  The  clicular  contained 
three  leading;  queatloDs.  The  first  naked  It  the  party  addressed  had  adopted  & 
Btaodard,  and,  it  so,  would  they  send  a  copj-.  Tlie  second  a.-'ked  what  special 
M>iiB  governed  the  selection  of  ihcir  aiaiidntd.  Third,  If  they  would  be  willing 
o  modify  their  standard,  to  conform  to  one  thut  mljjht  be  recummemdtid  by  the 
PSociety.  Replies  to  the  circular  have  been  received  from  eleven  fiims,  brief  ex- 
tnicts  from  which  am  here  given  : 

No.  1.  "  Would  niodiiy  standard  if  large  manafacinrers  would  agree  to  do  Ibe 

No.  2.   "  Is  graliQcd  to  learn  of  ibe  morement  and  wialieii  succeaa." 

No.  8,   "t'oiild  not  cliBDge,  except  by  united  comblnatloD  of  a   considerable 
part  of  their  coimumcrs." 

No,  4.  "Ilnre  adopted   Morria  &  Taakers'  list;  could  not  have  etandards  on 
account  of  varying  pressures  ot  pumps.*' 

No.  S.  "  WotUd  welcome  any  niandard  ilio  Society  would  agree  to." 

No.  a.  "Thioka  both  classes  of  valves  (gas  and  water)  should  have  tbeaajna    < 
slse  of  Sanges.  etc." 

No,  7,   "  Asks  for  all  availuble  Intormncion  concerning  standardti." 

No.  8.   "Thinks   unlforuiily  would  be  a  decided  benefit,    but  that   ihe  coat 
woald  not  warrnnt  the  attejupl." 

No.  II.   "Are  glad  to  give  attention   to  the  matter,  but  would  prefer  not  to 
make  any  change." 

No.  lU.   "  Qbvu  no  special  standard,  but  if   ihe  Society  would  hit  upon  one, 
woald  be  plenped  to  cooperate.     Have  felt  the  necessity  of  a  standard." 

No.  11.   "  Wishes  llmt  a  stumlanl  could  be  adopted,  and  wuuld  bo  wiUtng  to   I 
change  theirs," 


690  PROCEEDINGS  OF  THE 

Five  of  the  eleven  firms  enclosed  copies  of  their  standards,  ind  tbe  ^^ 
received  are  appended. 

From  the  small  percentage  of  replies  received,  the  Committee  doei no^ 
it  advisable  to  compile  a  standard  for  presentation  to  the  Society  at  tb^ 
and  anks  to  be  continued.     In  view  of  the  delay  in  getting  to  work,  nftf^^ 
a  formal  report  of  progrei^s  would  not  be  as  satisfactory  as  a  statement  ^ 
has  been  done.     No  meeting  of  the  Committee  has  been  held,  owing  p< 
the  distances  apart  of  the  members,  and  also  to  the  lack  of  buBiDesB  inL^ 
enough  to  bring  them  together.     At  the  same  time,  we  feel  that  the  bq^ 
important  enough  not  to  be  hastily  abandoned,  and  it  is  our  inteotioiL, 
tinned,  to  supplement  the  circular  already  sent  out,  with  another,  m%^ 
strong  appeal  for  co-operation.     If  successful,  we  hope  to  be  able  to  pi^ 
final  report  at  the  next  meeting  of  the  Society. 

Respectfully, 

Pebcy  a.  SANGunncm,  Chairvi^ 


Copy  of  circular  appended  : 


A.  H.  Raynal, 
Samuel  S.  Wi£BBer. 


Philadelphia,  Dee.  20th,  18 


Deak  Sib  : 

At  a  recent    meeting  of  the  American  Society  of  Mechanical  Enginee 

read  a  paper  on  the  divergencies  in  the  flange  diameters  of  pumpB,  valves,  p 

•  etc. ,  in  which  I  brought  to  the  notice  of  the  Society  the  inconveniences  anc 

of  time  to  the  users  of  these  various  products,  owing  to  the  want  of  unifoi 

in  the  standard  adopted  by  different  makers. 

The  paper  was  discussed  and  a  Committee  appointed  to  confer  with  the  n 
facturers  to  ascertain  their  views  and  preferences,  and  report,  if  possible,  a 
•uniform  standard,  the  enquiry  to  embrace  also  the  practicability  of  similar 
circles  and  number  of  bolts. 

The  Committee  being  desirous  of  recommending  a  standard  that  wou 
endorsed  and  adopted  by  the  manufacturers,  feels  much  pleasure  in  comi 
eating  with  you  and  asking  your  cooperation.  We  would,  therefore,  be  ol 
if  you  will  furnish  us  with  the  following  information  : 

1.  A  catalogue  or  list  giving  the  flange  diameters,  diameter  of  bolt  c 
and  size  and  number  of  bolts  you  have  adopted  in  your  works  ? 

2.  What  special  reasons  had  you  for  the  adoption  of  the  sizes  you  now  us 

3.  Would  you  be  willing  to  modify  those  standards  in  your  future  wc 
make  them  conform  to  a  uniform  one  ? 

Tlie  divergencies  now  known  to  exist  are  so  trifling  that  we  do  not 
the  changes  we  might  ask  you  to  make  will  be  very  expensive  or  trouble 
The  Committee  wiP  appreciate  any  advice  or  suggestion  you  maj  feel  dis 
to  offer,  and  hope  to  have  an  early  reply. 

Yours  respectfully, 

Percy  A.  Sakouinetti, 

Chairm 
Franklin  Sugar  Reflnery,  Philade! 

The  other  members  of  the  Committee  to  whom  replies  may  be  sent  are  : 
E.  F.  C.  Davis,  P.  &  R.  Coal  &  Iron  Co.,  Pottsville,  Pa. 
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V.  F,  Mattes,  Cbief  Engineer  of  West  Sii[HTior  Ir.m  4  Steel  Co..  W.  J 
Sup..  Wis. 

A.  U.  Hatnal,  Kiclitnond  Lncmnotive  and  Machine  Works,  Uichuionrl,  Vi. 
S.  S.  \VEBBi<:n,  Asa't  lUaD»ger  of  Trenton  Iron  Co  ,  Trentim,  N.  J. 

On  motion,  the  Report  was  accepted  and  the  Committee  cos' 
tinned. 

A  letter  was  read  to  the  ConventioD,  from  the  members  of  the 
Society  resident  in  the  City  of  Richmond,  Va.,  urging  most  cor- 
dially upon  the  members  that  their  city  should  he  selected  by 
the  Council  for  the  eleventh  annual  meeting  in  the  autumn  of 
this  year.  The  matter  of  choosing  the  ilate  and  place  of  the  an- 
nual meeting  being,  under  the  rules,  in  the  hands  of  the  Coun- 
cil, the  letter  was  referred  to  them,  with  the  statement  that 
there  ivas  every  probability  that  the  invitation  would  be 
accepted. 

The  following  resolution  was  offered  by  Mr.  Wm.  Forsyth,  ssd. 
seconded  by  Mr.  D.  L.  Barnes  : 

"  EffilMd,  TliKt  B  Committee  of  Sp veil  be  nppointed  by  the  Chair,  lo  repurt 
ou  SttinJurd  Melb<Mag  n(  CondiirtingTesla  o(  Efficiency  of  Locomotires,  inoliidiEg 
tbe  engine,  liie  builer,  the  quality  of  ibe  steam,  und  the  comparnt.ve  oHit'ieucieB 
uf  aluiple  and  pompoand  )oci)molWe)<." 

The  debate  on  this  resolution,  was  as  follows  : 

T/-C  Pi-enident. — While  I  myself  favor  a  very  fuU  amount  of 
business  of  the  kind  by  the  Society  —investigating  all  sorts  j 
engineering  subjects  and  having  Committees  to  report  on  them, 
we  must,  of  course,  be  careful  that  we  do  not  have  too  many 
Committees  running  at  once,  rtnd  before  we  vote  I  think  there 
should  be  some  discussion  of  the  matter. 

Mr.  E.  B.  Wall. — I  think  this  is  a  very  good  resolution  and  I 
hope  it  will  prevail.  The  appointment  of  a  Committee  on  this 
subject  would  afford  an  opportunity  for  an  exchange  of  views 
between  engineers  engaged  in  the  various  Selds  of  steam  engi- 
neering. Those  interested  in  the  locomotive  would  be  benefited 
by  the  independent,  and  prob&bly  new,  opinicns  advanced  by 
engineers  aevoted  to  marine  and  stationary  engineering,  and 
those  latter  gentlemen  would  probably  find  after  their  investiga- 
tion and  discussion  that  the  locomotive  design  was  not  so  in- 
ferior as  is  sometimes  hinted.  I  therefore  hope  that  some  o 
the  members  appointed  on  the  Committee  will  be  men  not  codtJ 
nected  with  locomotive  engineering. 

Mr.  W.  0.  IVebOei: — I  would  like  to  second  the  remarks  madtf  I 
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by  the  gentleman  who  just  sat  down,  because,  from  my  own 
ence  during  some  three  or  four  years  on  the  Chicago,  1 
ton  and  Quincy  Boad  testing  locomotives,  I  found  all 
original  data  to  refer  to  in  any  way,  and  it  seems  to  : 
with  the  number  of  roads  now  having  test  departments 
into  the  efficiency  of  locomotives  and  making  valuable  te 
a  great  deal  of  their  work  and  data  is  necessarily  almost 
you  might  say,  because  the  tests  made  on  one  road  ca 
readily  compared  with  the  tests  made  on  another.  And, 
derstand  it,  this  Committee's  work  would  be  largely 
that  matter  so  that  the  tests  made  on  one  road  would 
parable  with  the  test  made  on  another.  I  very  eamesi 
that  this  motion  will  prevail ;  and  that  this  Committer 
appointed. 

Mr,  Geo.  S.  Strong. — I  should  like  very  much  to  have  so 
of  this  kind  done.  I  think  the  time  is  not  so  far  distant  y 
question  of  economical  working  of  locomotives  is  going  tc 
great  interest  to  railroad  companies  as  the  question  of  < 
of  stationary  engines  has  been  to  manufacturers.  As  IV 
ber  has  remarked,  there  has  been  very  little  done  up 
time  in  the  way  of  testing  locomotives  in  such  a  way  as 
the  test  reliable,  and  when  one  makes  an  attempt  in  th 
tion  he  is  generally  met  by  the  difficulty  of  having  so 
appointed  to  co-operate  with  him  who  has  his  own  id 
in  addition  to  that  man's  ideas  not  being  in  accordance 
best  engineering  practice,  perhaps  he  finds  that  a  ve 
proportion  of  the  people  he  has  to  deal  with  in  the  o 
of  the  line  try  to  arrange  matters  in  such  a  way  as  i 
date  the  facts  in  the  case.  And  if  we  had  some  standard 
of  conducting  these  tests,  so  that  in  case  a  test  was 
should  be  conducted  according  to  the  standard  of  the  i 
cal  engineers,  it  would  do  away  with  all  questions  of  tl 
and  it  would  establish  some  fixed  method  of  doing  thes 
which  would  do  away  with  any  opportunity  for  trouble 
an  expert  who  is  trying  to  make  a  test  and  the  man  wl 
pointed  by  a  railroad  company  to  cooperate  with  him 
test.  I  have  spent  several  thousand  dollars  in  conduct] 
motive  tests  and  I  have  found  that  difficulty.  Whei 
ployed  a  competent  expert,  perhaps  some  man  who 
know  anything  about  making  a  test  of  a  steam-engin 
would  be  appointed  to  cooperate  with  him  in  making  1 
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and  that  man  would  raise  some  question  of  the  method  pursued  J 
which  probably  would  invalidate  the  whole  thiug  after  it  was 
done.  As  every  one  knows,  a  man  in  an  official  position  with  a 
railroad  company  has  more  influence  with  the  public  than  an 
expert,  no  matter  what  that  expert's  reputation  for  honesty  and 
capability  may  be.  When  he  goes  before  the  railroad  public 
and  is  decried  by  a  man  who  is  an  ofEcial  of  the  railroad  com- 
pany, that  expert's  testimony  ia  of  no  value  with  the  railroad 
company  whatever.  It  simply  is  invalidated  by  what  Bome  man 
may  say  who  has  no  reputation  as  an  engineer. 

Air,  D.  L.  Biirnea. — It  would  seem  that  the  American  Society 
of  Mechanical  Engineers  ought  to  pay  as  much  attention  to  loco- 
motive engineering  as  stationary  engineering.    There  is  as  much 

I  coal  used  in  the  production  of  mechanical  horsepower  in  loco- 
motive engines  in  this  country  as  in  stationary  engines,  and 
locomotives  require  as  much  attention  and  should  have  it.  The 
locomotive  engine  is  not  a  small  engine.  It  is  an  engine  vary- 
ing from  200  to  1,000  horse-power.  The  reason  why  we  have 
very  little,  if  any,  reliable  information  regarding  the  .locomotive 
to-£lay  is  because  the  trials  are  very  difficult  to  make,  and  it 
requires  an  expert,  and  a  well-informed  one,  to  make  a  test  wliich 
ia  satisfactorily  comparable  with  other  tests  of  locomotives  and 
stationary  engines.  In  the  coming  exposition,  to  be  known  as 
the  Columbian  Exposition,  there  will  probably  be  competitive 
trials  of  locomotives.  An  endeavor  will  bo  made  to  obtain 
foi-eign  competition ;  and  it  is  to  be  hoped  that  before  that 
time  this  Committee  which  is  about  to  be  appointed  will  be  ena- 
bled to  report,  giving  us  a  satisfactory  method  of  making  tests. 
The  railroad  companies  in  this  country  are  putting  out  consider- 
able sums  of  money  every  year  testing  locomotives,  and  some 
oonclasions  are  reached.  It  is  not  for  lack  of  money  that  these 
tests  are  not  more  satisfactory,  but  because  of  lack  of  proper 
methods.  Probably  one  of  the  most  difficult  points  to  deter- 
mine is  the  character  of  the  steam  entering  the  locomotive 
cylinders.  It  is  wet,  beyond  question.  A  satisfactory  calori- 
meter is  a  most  difficult  problem  ;  and  I  would  like  to  hear  ex- 
pressioos  from  members  here,  if  this  discussion  continues 
farther,  regarding  such  a  calorimeter,  because  upon  some  tests 

I  Boon  to  be  made  I  would  like  to  apply  a  satisfactory  device. 
The  motion  for  the  appointment  of  a  Committee  was  then  pat 

\  and  carried. 
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The  President. — I  will  not  promise  in  appointing  the  Com- 
mittee to  carry  out  the  suggestion  not  to  appoint  any  locomotive  \ 
engineers  upon  it.     I  think  if  we  do  not  have  some  one  on  the  I 
Committee  who  knows  something  abont  the  subject  we  shall  not  ] 
get  a  yery  valuable  report. 

Mr.    Wet/?.— I  woulJ  like  to  make  a  little  correction  there.    I  I 
did  not  want  this  Committee  made  up  entirely  of  men  who  were  | 
not  locomotive  men.      I  wanted  a  few  of  them  to  be  steam  en- 
gineers who  have  no  particular  interest  in  locomotives. 

The  Presidevt. — The  right  way  to  make  such  a  Committee  as 
that  is  to  put  some  men  on  who  are  specialists  in  locomotives, 
and  other  men  who  are  not,  but  who  are  familiar  with  engines  in 
general. 

The  motion  to  appoint  a  Committee,  being  put,  was  carried, 
and  the  President  subsequently  appointed  as  such  Committee: 
Prof.  Chas.  B.  llichards,  of  New  Haven  ;  Mr.  Wm.  Forsyth,  of 
Aurora,  111.  ;  Mr.  H.  B.  Stone,  of  Chicago,  111. ;  Prof.  Jaa.  E. 
Denton,  of  Hoboken,  N.  J.;  Mr.  F.  W.  Dean,  of  Boston;  Mr. 
Axel  Vogt,  of  Altoona,  Pa. ;  Mr.  Allan  Stirling,  of  Kew  York. 

At  a    later  point    in    the  session,    was  also    presented   the 
report  of  the  Society's  Committee  appointed  to  express  to  the 
Mayors  of   Boston,   Chicago,  St.    Louis,   and   Washington   the 
desire  of  the  Society  that  a  world's  fair  should  be  held  in  1892.  i 
The  report  and  the  replies  thereto,  were  as  follows : 

New  Yobk.  Dee.  4ili,  1B88. 
To  THE  AUBRICAS  Society  op  Mbchamgal  Enotmeeub  : 

Your  Committee,  ap pointed  to   laj  before  tbe  iniinld|>&l  autlioritiex  the  vota  1 
of  the   Society  in  reference  10  tlie  holding  of  n  world's  fair  in  1802,  wi.uld  re-  j 
Bpectfully  report  that  tliey  liave  attended  to  tlie  mniter  placed  in  Ibelr  cbarge  by 
calling  npi>n  Mayor  Grant  in   ppraon  and  pret^enting  Ibe  letter  of  whieli  the  en 
closed  IB  a  co]<y  ;  and  iliey  liave  also  forwarded  duplicates  of  said  letter,  except- 
ing on))'  tlie  addreaa,  to  the  Mayors  of  Boaton,  Chicago,  and  St.  LouU,  and  the 
Cbief  CommisBloner  of  Wufhinjiton  t'iiy, 
'    All  of  wliicU  is  rfapeoifully  Bubmittad. 

Gbd.  H.  Babcocb,  } 

Hbniiv  Morton,     [Committee. 

J.    F.    HOLLOWAT,    ) 

New  YoiiK,  Dre.  8d.  1889. 
Tbe  American  Sncietj  of  MecliHDicnl  Engineers,  st  n  reoent  Convention  belt) 
in  the  Ciiy  of  New  Yorli,  appointed  the  undersigned  a  Committee  to  etjireBB  to 
you  their  deep  interest  in  and  sympaihy  witli  the  proposed  iiolding  of  an  inter- 
national exposition,  In  com  memo  rati  on  of  the  fonr  handredtb  auniTersary  of  the 
diecoveiy  of  America  by  Christopher  Columbus. 
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Ab  the  Sodet)!'  is  a  naiioniil  one,  the  iDdlTldual  members  oecetsarity  bave 
F  their  preferences  dh  to  the  loratloD  of  the   exposition,  but  the  Societ;  as  Bocb 
directs!  UB  to  Msi'ure  you  ot  ihelr  united  Riid  hearty  cooperation  in  any  aod  evelf 
tmy  that  will  best  pioiuolu  the  end  in  view,  and  at  whatever  lirae  or  plaire  that 
may  be  selected,  be  it  Dostou.  Chicago.  New  York,  St,  Loul?,  or  Wusliingtoti, 
Very  truly  yonrB, 
(SiaNRi))  Committee. 

f  To  TttB  Hon.  Matok  of 

(Addn^BBod.) 

Times  Buildinq,  New  Tokk,  Dte.  Bih,  iee9. 
I  Dear  Bibb  : 

The  Mayor  dircfts  i 
December   tlio   tbird   i 


aympailiy  witb  the  proposed  iDteroaiional  expoai 

The  Mayor  and  ibe  Qenetal  Committee  di: 
you  the  American  Society  oF  MechanloBil  Engii 

RcBpectfully, 


acknowledge  the  receipt  of  yonc  commanication  of   ^ 
\t\ag  an    exprcaaloa   at    your  deep   interest  in  i 
I  of  1693. 

>e  to  thank  you,  and  throngh 
for  your  kind  interest  in  iLfl 


"W.  McM.  Spbeb, 


Quo,  n.  Babcock,  Enq'rt 
Hekrt  Morton,  Esq're, 
J.  F.  HollowaT,  E«-q're, 


Chicago,  De6.  13rh,  1889. 
r  Morton,  J.  F.  Holloway,  30  Cortlnndl  St.,  Nei 


Qeo.  a.  Babcock, 

York  Ciiy. 
Ochtlembi.-  : 

Yoor  communicaiioQ  of  the  3d  innt.  to  the  Mayor  has  been  recpit'ed,  and  I 
am  inBtrncted  by  him  tn  acknowledge  3Uq<^.  Your  view  la  one  which,  wo  thitik, 
is  held  by  all  of  our  people.  While  we  hope  mid  enpect  that  the  Bxpoaition  will 
be  held  in  Chicago,  it  will  rereive  our  beurty  and  cordial  support  if  held  in  any 
other  dly. 

Yours  truly, 

E.  F.  Cbagin. 

Se&rc(aTy_ 

WiBHinaTOK,  Dte.  11th,  1888. 
■BBS.  Geo.  il.  Babcocs  akd  OTUBna,  Cohmitteb  Auericak  Society  up 
Meciiakicai.  Enuibbebs,  30  Cortlundt  St.,  New  York.  M.  Y. 
Qbntleuen  : 

The  CommissionBrH  at  the  District  of  Columbia,  who  are  the  mmiicip»l 
authority  at  the  seat  of  ttoiemmeut  of  the  United  Slates,  direct  we  to  rcIilowI- 
edge  receipt  of  yours  of  the  8d  inst,,  addrea.'ipd  to  the  Mayor  of  Wa«hington, 
expresMiog  the  sympathy  of  your  Society  with  the  proposed  project  of  holding  an 
international  eihlbiUon  in  commemoration  of  the  four  hundredth  anQiveraary  of 
the  discovery  of  Ainertca  by  Christopher  Colombus,  and  giving  assurauce  of  tbi 
hearty  cooperation  of  your  Society,  ** 

Bespectfully, 

W.   TiaDALL. 

Beeretiiry. 
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Tlio  report  was  accepted,  and  with  the  completion  of  iisduij, 
the  Committee  was  discharged. 

Mr.  Jas.  "W.  See,  Chairman  of  the  Society's  Commi**®®  on 
Securing  a  Governmental  Bureau  of  Standards,  repo^*^  •* 
follows : 

REPORT  OF  COMmTTEE  ON   GOVERNMENTAL  BUREAU  OF  STAN^^^^™' 

Your  Committee  would  report  : 

Iftt.  Tliat  a  bill  has  been  drafted  and   presented  to  the  Lower  House    ^-'^  ^*"*' 
gross. 

2d.  That  the  bill  was  referred  to  the  Committee  on  Patents. 

8d.  Tliat  your  Committee  has  appeared  before  the  Committee  on  Pate  ^^" "" 
urgel  the  merits  of  the  bill. 

4th.  That  a  favorable  report  to  the  House  is  promised. 

5th.  That  the  future  of  the  bill  cannot  be  foretold. 

6th.  That  further  time  is  requested. 

James  W.  Sbb, 

for  Commf^^' 
Cincinnati,  May  16th,  1890. 

The  professional  papers  were  then  taken  up  as  follows : 

That  by  Mr.  W.  F.  Dixon,  on  "  The  Efficiency  of  Locoi^ao- 
tives,"  was  discussed  by  Messrs.  W.  E.  Hall,  Angus  Sind^[J^' 
W.  O.  Webber,  Geo.  S.  Strong,  D.  L.  Barnes,  L.  S.  Wright,  ^ 
F.  Durfee,  and  A.  T.  Woods. 

The  second  paper  was  in  a  similar  line,  entitled,  "  Work^  -^ 
Railways  by  Electricity,"  by  Mr.  Willis  E.  HalL  The  disci^^ 
sion  was  by  Messrs.  Sclieffler,  Oberlin  Smith,  H.  C.  Spaldin^^ 
McFarren,  E.  P.  Roberts,  Jesse  M.  Smith,  Bamaby,  Bame.^ 
Sweeney,  Eaynal,  Forsyth,  Rogers,  Dashiell,  W.  O.  Webber,  an^  ^ 
T.  R.  Morgan,  Sr. 

The  paper  by  Mr.  A.  F.  Nagle,  entitled,  "Determination  olP' 
Sensitiveness  of  Automatic  Sprinklers,"  was  read  and  discussed^ 
by  Prof.  D.  S.  Jacobus  before  adjournment,  but  the  session  ad- 
journed in  the  middle  of  the  debate. 


Third  Session,  Wednesday,  May  14th. 

The  third  session  was  called  to  order  at  2:30,  and  the  debate 
on  ^fr.  Nagle's  paper  was  continued  by  discussions  by  Messrs. 
Emery,  Thurston,  and  Woodbury. 

Prof.  R.  C.  Carpenter  presented  his  three  papers :  "  Tests  of 
Several  TyjDes  of  Engines   under  Conditions  found  in  Actual 
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Practioe,"  "  Comparative  Tests  of  Hot-water  aud  St^am-Iieating 
Plant,"  and  his  "  Note  on  Kerosene  in  Steam-boiler." 

The  first  was  discussed  by  Messrs.  Jacobus,  Borden,  Na^^le, 
and  Webber ;  the  second  by  Messrs.  Emery,  Gobeille,  and 
Robb ;  the  third  by  Messrs,  Porterfiehl,  Nason,  and  Nagle. 

The  rainy  afternoon  precluded  the  projected  drive  whicli  waa 
a  feature  of  the  programme  for  the  afternoon,  and  it  was  trans- 
posed to  Friday.  The  papers  allotted  to  the  Friday  afternoon 
eession  were  taken  up.  Three  of  these  papers  having  relation 
to  the  subject  of  steam-engine  governing,  they  were  read  and 
discussed  together,  as  follows  :  E.  J.  Armstrong,  "The  Use  for 
Inertia  in  Shaft  Governors,"  Jesse  M.  Smith,  "Governor  for 
Steam-engines,"  John  E.  Sweet,  "  Effect  of  an  Unbalanced  Ec- 
centric in  Shaft-governed  Engines."  The  discussion  waa  par- 
ticipated in  by  Messrs,  Armstrong,  Sweet,  Thurston,  Fawcett, 
Jesse  M.  Smith,  0.  M.  W.  Smith,  Webb,  Dutton,  Robb,  Jacobus, 
and  Bamaby. 

Prof.  Jacobus  discussed  Mr,  W.  W,  Bird's  paper,  "  An  Open- 
end  Mercury  Column  for  High  Preaaures ;"  and  tlie  Ust  of  papers 
WAS  concluded  by  that  of  Prot  G.  I.  Alden,  entitled  "  Automatic 
Absorption  Dynamomoraeter."  Topical  questions  were  dis- 
cussed until  adjournment.  The  first  was  "  Does  a  boiler  steam 
more  freely  if  the  tubes  are  arranged  so  as  to  be  farther  apart 
horizontally  in  the  upper  row  than  in  the  lower  rows?" 
Messrs.  Sweeney,  Cole,  Suplee,  Dutton,  Nagle,  Barnes,  and 
Webb  took  part.  Messrs.  Barnes,  Raynal,  and  Penney  spoke  as 
to  the  greatest  number  of  times  per  minute  that  a  dash-pot 
coald  be  lifted,  such  as  used  in  the  Corliss  valve-gear.  Messrs. 
See,  Oberlin  Smith,  and  Crocker  spoke  of  the  advantages  as  to 
the  construction  and  operation  ofi'ered  by  vertical  bending 
rolls  as  compared  with  horizontal  ones.  Messrs.  Fawcett, 
Laird,  and  Su]ilee  gave  expressions  as  to  the  purification  of  bad 
feed-water  for  boilers.     The  session  then  adjourned. 

The  fourth  session  was  opened  that  same  evening,  at  the  same 
place  at  8  o'clock. 

Prot  J,  Bnrkitt  Webb  presented  his  two  papers  on  "  Chimney 
Draft,"  which  were  discussed  by  Messrs.  Gale,  Gray,  Nagle, 
Magruder,  Borden,  and  Barms. 

Two  papers  on  "  Chimney  Draft,"  one  by  ProL  Wood,  and  t 
other  by  Mr.  Kent,  were  read  at  tlie  same  time,  and  were  < 
oussed  by  Prof.  Gale  and  Messrs.  Nagle  and  Seheffler. 
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Prof.  "Wood's  papers,  "  Grapliic  Kepresentation  of  Thermo*'! 
Dynamic  Quantities,"  "Test  of  a  Refrigerating  Plant," 
Prof,  ThuiBton's  piiper,  "  Hirn  and  DweUhaiivers'  Theory  of  thef 
Real  Steam -entwine,"  received  no  discussion. 

The  paper  by  Geo.  H.  Barrus,  "  A  Universal  Steam  Calori-1 
meter,"  was  discussed  by  Messrs.  Bobb,  Barnes,  and  Spangler. 

Messrs.  Henning,  Samuels,  Wright,  Nason,  Hayual,  Hibbard, 
and  C.  M.  W.  Smith  discussed  the  best  form  of  hydraulic  valvea. 

Messrs.   Penney   and    Nason    discussed    the    use   of    power  J 
moulding  machines  in  foundries. 


Friday,  May  16th. 


The  fifth  and  concluding  session  was  called  to  order  in  the 
Scottish  Eite  Cathedral,  at  10  o'clock.  The  President  an- 
nounced the  Committee  to  nominate  officers  of  the  Society  for 
the  ensuing  year,  under  Article  XXSI.  of  the  Rules,  to  be  Messrs. 
C.  W.  Hunt,  of  New  York;  Henry  G.  Morris,  of  Philadelphia; 
B.  H.  "Wan-en,  of  Boston;  G.  A.  Gray,  of  Cincinnati ;  and  Jesse 
M.  Smith,  ot  Detroit. 

Mr.  D.  K.  Nicholson's  paper  on  "  Heating  Furnaces  "  received 
no  discussion.  Mr.  Suplee's  paper  on  "Equilibrium  Arch 
Cnrves  "  was  discussed  by  Messrs.  Nagle,  Landreth,  and  Webb. 
The  paper  by  T.  C.  Clarke,  entitled,  "The  Kinzua  Viaduct,"  re- 
ceived no  discussion.  Messra  Barnaby  and  Suplee  discussedj 
Prof.  Webb's  paper  on  "The  Length  of  an  Indicator  Card."! 
Prof.  Webb  then  introduced  the  following  resolutions  : 

"  Raolved,  Tliat  llie  Sociely  dfcply  regrets  ilie  oeceiwity  wliicL  has  compelled 
tlie  absence  of  Seoretary  F.  B.  Huttnu.  wboae  preaeuce  and  InbnrB  have  alwajH  ^ 
contributed  fo  larjiely  to  tlie  auccesH  of  the  meetingH  of  the  Socii'ty." 

"  Re»olvtd,  That  the  members  in  attemlance  during  tlie  variiiaa  Bessions  of 
the  Society  during  ihe  Cincinnati  meeting  desire  to  oiprei«  lo  Mr.  C.  J.  H, 
Woodbury,  Acting  Secretary  of  the  meeting,  their  full  appreciation  of  the  conr- 
teooB  and  efficient  manaer  in  which  he  has  filled  the  place  of  the  atment  S«cre- 

Prof.  D.  S.  Jacobus  then  presented  bia  two  papers,  the  first 
"Indicator-Cards  of  the  Pawtucket  Engine,"  and  second,  the 
"Effective  Area  of  Propeller  Screws."  Messrs,  Nagle,  Suplee, 
Kaynal,  Barnaby,  Webb,  J.  W.  See,  and  Ashworth  discussed  the 
first,  and  Messrs.  Emery,  Raynal,  Oberlin,  Smith,  Henning,  Cole, 
and  Snplee  discussed  the  second. 

Mr.  Woodbury  then  moved  the  following  resolution  of  thanks 
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Bond,  who  had  with  him  shared  the  burden  of  attending 
details  of  the  meeting,  and  which  was  presented  as  fol- 

nlred.  Tliat  rlie  ttiatihnof  Ibis  Socifly  are  liernb;  tendered  tnMr.  Geo.  M. 
or  Ilia  mlunble  ■ssistnnoe  to  the  Acting  Secretary  of  ihe  mei'tliig." 

;.  Ashworth  brought  up  the  question  of  an  Oi^anization  of 

ineering  Societies,  and  the  following  remarks  were  made  : 

!r.  Danxd  Ashtmrt/i.—Mr.  President,  under  this  general  tenor 

losiness  I   would  like  to  ask  for  some  information  regarding 

natter  which  was  passed  upon  at  the  New  York  meeting  and 

«>n  ffhich  you  touched  yesterday.     la  there  not  in  the  hands 

.  ft  Committee  a  decision  or  a  report  as  to  the  advisability  of 

reating  a  separate  organization  composed  of  the  most  promi- 

lent  members  ?     Am  I  correct  in  that  ? 

The  Pretndent.  —Shall  I  state,  Mr.  Ashworth,  briefly,  just  how 
flte  case  stands  ? 
Mr.  Ashtcorth. — Tes,  sir ;  if  you  please. 

The  Prenidenl. — There  was  a  Committee  appointed  of  thref 
'  lumbers,  Mr.  Henry  R  Towne,  Professor  Thurston,  and  Dr. 
wUers,  at  the  autamn  meeting  of  this  Society,  to  consult  and 
^"fer  with  other  Committees  from  the  three  other  national 
''"cieties,  the  Civil  Engineers,  the  Mining  Engineers,  and  the 
olectrioal  Engineers — each  of  those  Comniittt'es  consisting  of 
'W*  HoJl-kuoHU  meiuberB  of  their  Htjoioty.  That  Joint  Oom- 
tnittee  of  twelve  is  now  working  upon  the  scheme  of  establishing 
^  tie  near  future,  not  the  mingling  of  the  present  societies  into 
^**e  society,  nor  a  special  society  which  is  entirely  outside  of 
■"-*^s,  but  a  sort  of  I^ederation  of  all  the  present  Societies,  includ- 
es these  four,  with  possibly  the  Institute  of  Architects,  the 
^Tal  Engineers'  Society,  and  other  associations  ranking  with  us 
''■oieh  may  be  started  in  the  future.  This  Federation  would  be 
^Pfesentative  of  all  American  Engineers,  of  oR  classes,  in  the 
^^erent  departments,  Civil,  Mining,  Mechanical,  Electrical, 
,  *Val,  Military,  Sanitary,  Ajohiteotural,  etc.  This,  onr  own 
*^ciety,  would  be  connected  with  it,  although  not  merged  into 
,  *H  any  sense  whatever.  The  local  Societies,  the  small  Socie- 
^a,  which  are  scattered  all  over  the  country,  which  now  have 
**t  little  connection  with  each  other,  and  feel  that  they  have  no 
^Heral  system  of  working,  would,  perhaps,  be  Chapters  of  this 
'^"w  organization. 

There  lias,  I  know,  been  some  feeling  in  this  Society  that  if 
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the  proposed  new  one  was  started  it  would  reduce  our  dignHj 
and  usefulness.     I  think  this  is  entirely  a  mistake,  md  tb^ 
when  the  new  scheme  is  perfected  and  put  properly  befow  onr 
members,  so  that  they  can  understand  it,  they  will  say  that  there 
is  nothing  in  it  in  any  way  derogatory  to  the  present  societieii 
but  only  that  which  will  help  them  in  their  work  and  enabk 
them  to  pull  together  better  and  give  a  better  tone  to  engiaew^ 
ing  over  the  whole  land,  in  our  own  eyes  and  in  the  eyes  of 
foreigners.    It  was  brought  up  at  this  time   because  it  wu 
thought  that  the  great  "Institution  of  Civil  Engineers"  of  Eng- 
land might  be  invited  over  here  in  1893,  and  there  is  now  nobody 
in  particular  to  entertain  them  as  they  entertained  us.    That  ia 
what  started  the  matter,  but  I  think  that  without  such  compara- 
tively minor    reasons,   our  different  Societies  and  individual 
engineers  should  have  some  common  method  of  coming  together 
and  getting  at  each  other's  transactions  easily,  and  some  wayoi 
having  a  common  library,  so  that  the  great  expense  of  duplicate 
ing  models,  pictures,  and  books  would  not  be  incurred  as  it  it 
now.     Such  a  federation  would  mean  simply  that  they  should 
work  on  a  system,  instead  of  a  total  lack  of  system — instead  ol 
rivalling  each  other  as  they  do  now. 

I  think  the  danger  of  there  being  in  such  an  association  an; 
ring  or  cliqueism,  which  seems  to  be  feared,  can  be  entirel] 
done  away  with  by  the  manner  of  organization  and  the  methoc 
by  which  the  members  are  elected.  This  can  be  arranged  h 
such  a  way  that  all  the  members  of  all  the  Societies  will  have 
full  and  free  chance  to  vote  as  to  who  is  worthy  for  the  highe 
places  in  the  new  Society,  should  there  be  different  grades  c 
membership.  It  is  possible  that  it  may  be  started,  if  started  s 
all,  somewhat  on  the  plan  of  the  great  foreign  scientific  Societiei 
with  a  higher  grade  of  "  fellowships,"  but  I  do  not  know  ho^ 
that  is  going  to  be,  as  it  is  all  in  the  hands  of  the  Committei 
When  they  get  the  thing  in  proper  shape  and  a  joint  report  i 
made  out,  it  will  undoubtedly  be  distributed  to  all  the  membei 
of  this  and  other  Societies — giving  them  a  chance  to  vote  on  th 
subject  alid  say  whether  it  is  desirable  to  go  forward.  All  tha 
I  know  of  the  present  status  of  the  scheme  comes  from  th 
Committee's  informal  report  which  was  submitted  to  our  Coun 
cil  at  its  last  meeting  in  New  York — simply  reporting  progress 
Undoubtedly  it  will  take  several  months  yet  to  get  the  thini 
into  any  definite  form. 


CINCINNATI   MEETINa,  gOJ 

Axkicorlh. — I  have  taken  a  deep  intereet  in  this  matter, 

1  the  absence  of  a  report  from  that  Committee,  even  re- 

g   progress,    I   was   congratulating  mvaelf,    and   bo  were 

of  the  members,  that  it  had  been  sent  to  some  inaccessible 

ra-hoie,  for  I  still  think  that  it  has  with  it  aii  im- American 

It  ie  undemocratic,  and  I  still  believe  it  would  create  a 

it  of  caste — a  special  class.     You  might  just  as  well  strike 

m  the  name   of  this  Society  the  word  American  as  to  take 

eh  an  action.     I  am  satisfied  that  it  will  be  an  entering  wedge 

irdestrojing  the  efficiency  of  this  organization.     Why  not  pur- 

ne  tlie  ordinary  course  if  we  are  to  coi'iperate  with  our  sister 

Suieties  as  we  should,  and  have  Committees  appointed,  and  act 

in  coujanctiou  with  them  for  several  or  for  special  purposes. 

,  These  grades  of  fellowship  that  you  have  touohed  upon  are  in 

fte  same  line.     There  will  be  no  end  to  that.     I  am  in  favor 

fiifflljot  the  American  Society  of  Mechanical  Engineers  intact  as 

il  is,  and  opposed  to  a  confederation,  and  I  believe  tliat  I  voice 

(be  sentiments  of  the  members  present. 

Mr.  Webber  discussed  the  questitm  as  to  the  desirability  of 
Daving  the  lead  increase  with  the  load  in  high-speed  automatic 
ttEfiuea. 

[Tte  following  resolutions  of  thanks  were  presented,  duly 
^Winded,  and  carried  with  enthusiasm,  and  the  professional  ses- 
iioaH  ^Ijourufd. 

^ttalttd,  That  ilie  tlianks  of  tbe  Society  are  eitended  to  the  local  Committee  of 
*"tafem«n  [a  for  the  Cincinnati  meeting. 

■  ne  pl«agant  featarea  and  general  succeEB  of  the  meeting  Lave  been  bronght 
'W  largely  by  the  efforts  of  the!»o  gentlemen  in  securing  enttnainment  tor 
'"'  Tiiiiing  members  aod  gneste,  Hparlng  no  pains  to  further  the  object  of  the 
-<iMliDg  in  all  respects,  and  making  it  one  of  which  we  bhall  carry  witb  ua  most 
!'''*Hii I  recollections.  The  members  would  In  paTticular  eiprecs  tUelnhanka 
MiirMogniiion  to  Geo.  Sir  A.  T.  Goahoro  and  tbe  Uireclore  of  the  Cincinnati 
in  Museum  fcr  their  abundant  coartesy  and  hoppiulity.  nod  for  the  opportunity 
'"inspect  the  rich  Ireasurea  there  gathered  from  pTery  aource. 

^lolvrd,  That  tbe  tbnnka  of  the  Society  be  tendered  on  behalf  of  the  ladies 
*"»Eii panning  the  memberB,  for  tlieir  entertainment  by  the  local  committee 
°ritdie3.  Much  pTeasiire  has  been  derived  from  ihcjr  variouB  e^cnisioua  and 
^'"n  slwut  ihe  city, to  tbe  Rockwood  Pottery  and  other  places  of  B|iecittl  Interest 
1"  ihem,  md  the  visits  of  tbe  ladies  to  CInciiinali,  The  excursion  day  of  our 
""•fling-  is  one  which  all  who  were  privileged  to  attend  will  remember  with  tbe 
E'Olest  of  pleasure,  end  the  acknowledgmeut  of  the  hospitality  which  made 
'1"  iJaj  so  delightful  is  an  equal  pleasure. 

SfPihtd,  That  the  American  Society  of  Mechanical  Engineers  expresa  to 
■nie  JJile*  Tool  Works  ita  fullest  tppreclatlon  of  the  hospitality  bo  warmly  ei- 
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tendtd,  both  in  visiting  the  extensive  works  and  also  in  partaking  of  the  bon- 
tiful  luuch  at  Woodndale  Park. 

Resolved,  That  the  thanks  of  the  Society  be  extended  in  the  wtrmMt  Mi- 
ner to  Messrs.  Proctor  and  Gamble,  for  the  opportunity  afforded  of  Tiiitiagdie 
extensive  and  admirably  arran^^ed  works  at  Ivorydale. 

liesolved,  That  the  thanks  of  the  Society  be  tendered  to  the  Ohio  UfAaM 
Institute  ;  to  the  Cincinnati  Chamber  of  Commerce  ;  to  the  TriumpUGooipoaad 
Engine  Co.;  to  the  CinciDnati  Gas  Light  and  Coke  Co.;  and  other  ednatkoil 
commercial,  and  manufacturing  institutions,  which  have  thrown  opeatbeirdoofl 
to  the  members,  with  invitations  to  freely  visit  them.    These  invitations kiven 
far  as  possible  been  made  use  of  by  members,  and  have  contribated  mA  to 
the  pleasure  and  bene6ts  of  our  visit  to  the  city. 

Resolved,  That  the  American  Society  of  Mechanical  Engineers  expresses  Itit^ 
precintiou  of  tlie  excellence    of  the  transportation  facilities   extended  to  thfl 
Eastern  members  by  the  P.  R.  R.  Co.,  and  that  thanks  are  dae  to  this  compiiiy 
and  to  Mr.  Samuel  Carpenter,  Elastem  Passenger  Agent,  and  Mr.  H.  M.  Hidsw* 
General  Passenger  Agent  of  the  Company.     Those  who  enjoyed  the  advantaged 
offered  by  the  P.  R.  R.  Co.'s  special  train  from  New  York  to  Cincinnati  will  i^ 
member  the  trip  as  a  thoroughly  entertaining  preliminary  to  the  meeting. 

Resolved,  Also,  that  the  Society  is  indebted  to  the  Cincinnati,  Hamilton  if 
Dayton  R.  R.  Co.  for  the  special  train  kindly  famished  on  the  occasion  of  thee^ 
cursion  to  the  works  of  Messrs.  Proctor  &  Gamble,  and  to  The  Niles  Tool  Woik  ^ 
and  for  the  freedom  of  Woodsdale  Park. 

Resolved,  That  the  thanks  of  the  American  Society  of  Mechanical  Engineel 
are  due  to  Mr.  Ralph  Peters  and  the  Managers  of  the  Railways  running  out  o 
Cincinnati,  which  afforded  the  Society  an  opportunity  to  pass  over  two  of  th 
bridges  crossing  the  Ohio  and  to  have  views  of  the  other  two  bridges,  all  c 
which  are  of  especial  interest  to  engineers,  as  being  at  the  time  of  their  erectio 
the  longest  spans  of  the  kind  in  the  world.  Furthermore,  we  appreciate  tl 
honor  of  being  on  the  first  paseenger  train  entering  the  city  at  the  ne 
station. 

In  addition  to  the  hospitality  which  we  have  already  received,  we  have  ali 
to  express  in  anticipation  the  pleasure  which  we  feel  in  accepting  tl 
invitation  which  has  been  extended  to  the  Society  by  the  Addyston  Pi] 
Works. 

Therefore  : 

Resolved,  That  the  appreciative  thanks  of  the  American  Society  of  Mecha 
ical  Engineers  be  extended  to  the  Addyston  Pipe  Works  for  their  warm  ini 
tation  to  visit  their  establishment,  and  to  Mr.  Ralph  Peters,  for  extending  sped 
train  facilities  for  this  visit. 

ENTERTAINMENTS  AND  EXOUBSIONS. 

Besides  the  reception  given  to  members  and  their  guests,  i 
the  Hall  of  the  Scottish  Bite,  on  Tuesday  evening,  the  hosts  i 
the  Society,  in  Cincinnati,  entertained  them  by  an  excursion  o 
Thursday,  May  15th,  to  Hamilton. 

A  special  train  was  put  at  the  services  of  the  Society,  by  th 
courtesy  of  the  C.  H.  &  D.  B.  B.,  and  was  drawn  by  a  Strong  loc( 
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motive.  The  Niles  Tool  Works,  at  Hamilton,  were  thrown  open 
for  inspection,  and  after  the  visit  they  were  conveyed  to  Woods- 
dale  Island,  some  five  miles  from  Hamilton,  where  the  same  firm 
entertained  its  guests  at  luncheon.  After  the  banquet,  a  stroll 
over  the  grounds,  and  other  entertainments,  the  party  returned 
to  Ivorydale,  where  they  spent  over  an  hour  after-time  in  a 
visit  to  the  great  soap  works  of  Messrs.  Proctor  &  Gamble. 

In  the  evening  of  this  day,  the  Cincinnati  Art  Museum,  with 
its  treasures  of  interest  and  value,  was  thrown  open  for  a  recep- 
tion to  the  engineers.  A  speech  of  welcome  was  made  by  Gen. 
Sir  A.  T.  Goshom,  to  which  Mr.  C.  J.  H.  Woodbury  responded  in 
the  absence  of  the  President.  The  evening  was  a  most  enjoy- 
able one. 

On  Friday  afternoon,  the  Penna.  R.  R.  Co.,  through  the  cour- 
tesy of  Mr.  Ralph  Peters,  gave  a  special  train  excursion  over 
the  railway  bridges  at  Cincinnati,  and  at  the  end  of  the  bridge, 
carriages  were  in  waiting  to  take  the  party  around  the  beautiful 
suburbs  of  the  city.  The  drive  was  enjoyed  for  something  over 
three  hours. 
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EEPORT  OF  COMMITTEE  ON  STANDARD   TESTS  AND\ 
METHODS   OF  TESTING  MATERIALS. 

Mr.  Chairman,  and  Gentlemen  of  the 

American  Society  qf  Mechanical  Engineers 
Herewith    joiir  Committee  appointed  to  consider  "Testa  i 
Methods  of  Testing,"  beg  to  Bubinit  the  following 

Rkpokt, 

The  Committee  having  been  appointed  by  tlie  Chairman,  held 
several  preliminary  meetings,  in  whioh  a  general  plan  of  procedure 
was  diEUDfised  and  accepted. 

It  was  decided  to  send  to  all  of  the  principal  parties  interested  ' 
in  testing,  duplicate  samples  of  one  grade  of  material  for  test  pur- 
poses.    These  parties  were  requested  to  send  in  their  reports  of  , 
tests  of  this  material  in  full. 

Upon  receipt  of  stieli  reports,  the  Committee  examined  theml 
carefully  in  order  to  arrive  at  a  comparison,  and  try  to  formulate'] 
a  general  method  of  procedure  for  future  tests.     It  was,  however,  i 
found  to  be  impossible  to  formulate  or  tabulate  these  results,  and 
that  even  a  personal  acquaintance  with  all  of  the  parties  making 
these  reports  made  it  difBcnIt  to  interpret  the  exact  meaning  of  all 
the  reports. 

It  required  a  table  of  32  columns  to  I'ecord  all  of  the  resnlta 
reported,  and  this  made  it  impossible  to  arrive  at  any  conchisinn  or 
general  deductions. 

Tlien  the  Committee  proposed  to  send  out  another  set  of  test 
pieces,  containing  duplicate  and  triplicate  samples,  and  also  a 
printed  blank  for  the  purpose  of  reporting  the  results  of  tests. 

Tills  printed  blank   siiggeeted    by   your  Committee  is  showi 
annexed  to  Report  as  Table  I.,  Addendum  1. 

A  circular  letter  was  therefore  issued  in  August,  1886,  as  given 
below,  and  sent  to  2i  different  parties,  with  236  test  pieced 
divided  among  them,  and  as  follows  : 
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Form  9-58,  '86.     {August,  '86.) 

I     The   American  Society  of   Medinnical    Engineera,  at  a   recent 

Imeeting,  appointed  a  Committee  to  aee  if"  tliere  could  be  recom- 
mended a  standard  form  of  test  specimen  and  a  standard  method  of 
teat  for  engineers'  nse. 

I      By  Bucli  standards,  it  would  be  possible  for  the  teste  of  different 
experimenters  on  the  same  material  to  be  comparable,  and  mncli 
oontnsion.  misnnderBlanding,  and  duplication  would  be  avoided. 
As  a  step  in  ihe  labor  of  that  Committee  there  are  sent  to  yon 

.  prepaid  by  express  the  following  samples  for  test,  viz.  : 

Pieces  round  steel,  ^  inch  diameter. 
Pieces  round  iron,  3  inch  diameter. 
Pieces  flat  or  square  steel. 
Pieces  flat  or  square  iron. 

We  hope  it  will  be  convenient  for  you  to  cooperate  with  this 
Committeo  by  testing  tlie  above  specimens  in  j'our  testing 
nweijioe,  and  to  report  the  reaults  obtained  upon  tiie  enclosed 
Wsok— which  we  have  prepared  for  that  purpose  in  order  that  all 
of  the  tests  made  for  the  Committee  may  be  readily  and  accurately 

W^e  desire  that  the  testing  should  be  done  in  your  regular  man- 
''^^  with  neither  more  or  less  care  than  such  work  is  ordinarily 
yonein  the  various  testing  laboratories  of  the  country,  and  in  this 
"^^y  to  determine  how  it  may  be  best,  nnder  existing  methods,  to 
*^**"ate  and  compare  the  work  of  different  experimenters. 

•'6  have  made  arrangements   by  which  similar  tests  will  be 

ade  by  numerous  other   parties,  the  material  furnished  to  all 

^'"g  as  nearly  identical  as  could  be  obtained  by  special  care  and 

^  ^^ction.      The  result  of  the  tests  when  obtained  will    be  care- 

^'y  tabulated  by  the  Committee  and  then  embodied  in  a  report 

*ne  Society,  copies  of  which  we  will  be  glad  to  send  you  when 

"^tiplete. 

Should  yon  see  fit,  in  view  of  their  scientific  and  practical  Talue, 

tJiake  these  tests  without  expense  to  the  Committee,  jour  lib- 

'■"ality  will   be  highly  appreciated,  and  duly  acknowledged,  but  if 

"^t,  we  still  wish  to  have  them  made  and  will  promptly  pay  all 

^ftsonable  charges  therefor  out  of  a  small  fund  which  lias  been 

Contributed  for  our  work. 

The  specimens  are  to  be  tested  in  tension  only,  but  with  obser- 
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vations  which  will  show  both   their  elastic    limit  and     vltiwin^ 
strength. 

Ill  making  the  tests,  such  observations  of  the  specimen  and  of 
the  testing  apparatus  should  be  made  as  will  give  all  the  item 
of  information  called  for  on  the  blank  form  of  report 

The  observations  of  elongation  should  be  noted  with  joar  ng.   • 
nlar  measuring  or  length  gauging  apparatus,  if  yon  have  one.   If  /< 
not,  by  making  five  prick  marks  on  the  specimen  8  inches  aput, 
and  correctly  measuring  the   separation   of  these  parts  with  a   j 
micrometer  or  a  fine  scale,  before,  during,  and  after  the  test.    In 
all  cases  the  gauge  length  should  conform  to  the  standard  of  8 
inches  as  closely  as  possible.    It  is  desired  that  each  test  should  be 
made  with  as  much  rapidity  as  is  consistent  with  accurate  work) 
and  that  the  actual  time  so  occupied  be  recorded  in  the  proper 
column. 

When  returaing  the  report  we  will  be  glad  if  you  will  add  to  i*" 
any  further  particulars  regarding  your  testing  machine — addition* 
to  those  called  for  on  the  blank — which  will  identify  it,  such  asdat^ 
of  design  or  patent,  makers,  number,  size,  or  any  other  designatii^ 
mark  by  which  it  can  be  distinguished.  Also  a  brief  descriptic^ 
of  the  kind  of  holders  employed  and  the  means  used  for  measnrin 
•the  elongation,  and  any  other  particulars  relating  either  to  thi 
machine  or  to  the  mode  of  making  the  tests.  The  specimens  afte 
testing  should  also  be  returned,  properly  boxed,  to  the  address  o 
the  Society  as  above,  care  being  taken  to  mark  them  so  that  the 
can  be  identified  as  having  been  tested  by  you.  The  report  < 
tests  should  be  sent  by  mail,  addressed  to  this  Committee  ] 
Society's  Headquarters.  Trusting  that  yon  will  cooperate  with  i 
in  this  important  and  interesting  work  assigned  to  the  Committe 
we  are,  respectfull}', 

Henry  R  Towne, 

Gus.  C.  Henning, 

K.  H.  Thubston,  I  Committee, 

Chas.  H.  Mobgan, 

Dr.  Thos.  Eglbstok, 
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s  Ciiiversitj 

1  University 

elaer  Polyteclmie 

luInMitme 

1  Brid^  Co 

mnor  1  ri>o  Co 

>n  Iron  Milln 

tfoyd  Iron  WorliB 

flbridlronCo 

mtoD  Ifon  Co 

amilran'B  Sieel  Co 

l|»r Thompson  Steel  Works., 

fidnlcBtetil  Co 

FnttiT)  1e  Sterl  and  Iron  Co 

Ilirtuntg  Testing  Laboratory , , 

B»hlS  Broa.  &Vo 

ThdutOla^n  It  Co 

Hltiburgli  TititiDg  Laboratory. 

'   ?«wnQwn  \ieeual '. 

'   UmUr  Mines 

I  rtnnii  Iron  Co 

'^  fcolh  tVMer  Rolling  Mill  Co. 

T>1*  A  Townn  MTg  Co 

ffulibnm  li  Moen  MTg  Co. . . 


Lnfavette,  Ind. . 
Itlia<^.  N-  Y... 
Troy.  N.  Y. 

Hoboken.  N.  J J.  E.  Dpnfor 

na,  Pa Cbaa.  Kellogg. 

Wllminglon,   Del Wm.  Sellers.  Presi. 

PitteburgL,  Fa.  .Camirgle  Bros.  &  Co., 

Limited. 

lyd,  Pa A.  and  P.  Roberts. 

Johnntown,  Pa C.  A.  MHiwhnll. 

Tr^iitim,  N.  J Wm.  Hewitt. 

Sloelton.  Pa Edgar  C.  Felio 

Ueeaemer,  Pa.  .Cnrnegie  Bros.  &  Co., 

Limited. 
Nlcotown,  Pbila.,  Pa.  .Wm.  Sellers,  Prest. 

tsville.  Pa Atkins  Broa.  &  Co. 

Tliomas  St.,  N.  T A.  V.  Abbott. 

PbUadelpbia.  Po. 

Phllad.-lpbia,  Pa. 

08  4tb  Ave..  Pitisburgh,  Pa..  Hunt&Clnpp. 

Waterlown,  N.  Y..  Col.  F.  H.  Psrkpr,  C 

Columbia  College,  40tli  St.  and  4[h  Av, 


Pbreniiville,  Pa  .. 

Thnrlow,  Pa 

Stamford.  Conn... 
Worcester.  tim$a . . 


I 

I 


F.  K.  Hul._ 
D.  H.  Rdvea, 

...C,  B.  Houston, 
:.  B.  Towne,  PrcBt, 

. ..  .C.  U.  Morgun. 


*)f  these  24  parties,  two  reported  inability  to  test,  as  machines 
"■ere  UDsuitable ;  two  parties  declined  ;  one  repoi-ts  specitnens  gone 
"Stray;  one  party  reports  having  made  tests,  but  that  tbe  report 
''"^s  lost  in  the  mail ;  one  party  is  still  engaged  in  making  the 
,^®tfi  and  promises  to  report  resnlts;  and  sixteen  parties  have  sent 
^   complete  reports,  as  given  in  Addendnm  1,  Tables  II.  a — t. 

The  Committee  would  particularly  express  tlieir  appreciation  of 
'»e  work  of  the  late  Mr.  Chae.  A.  Marshall,  C.E.,  Engineer  of  Tests 
^-'ambrla  Iron  Co,  (who  tinfortnnately  was  one  of  the  victims  of  the 
'**>hnstown  disaster),  for  the  masterly  reports  sent  in  and  the  pains 
^*  took  in  making  these  tests. 

T'lie  Committee  also  desires  to  express  their  gratification   and 


oblii 


ill 


igatic 


s  to  the  courteous  and  willing  assistance  offered  them  on 


6id(;s,  and  for  the  care  taken  in  making  the  tests  and  for  the 
''Oinpi^teness  of  the  reports  returned. 

^t  became  apparent  to  your  Committee  that  it  would  be  impos 
'"'o  to  arrive  at  any  general  resulls  or  be  able  to  report  in  a 
^*8onable  time  if  the  recommendations  to  be  formulated  were  to 
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be  deduced  from  long  series  of  experiments  made  by  it  Mor 
over,  it  appeared  desirable  to  propose  International  Standards, 
this  were  possible,  and  with  this  in  view  one  member  of  joi 
Committee,  during  two  years  spent  abroad,  had  frequent  oonsnlta 
tions  with  the  most  prominent  engineers  interested  in  the  mattei 
and  obtained  information  on  the  subject  which  has  shown  hownse- 
less  it  would  have  been  to  repeat  the  work  of  other  able  eiperi- 
mentors,  whose  work  lias  always  been  considered  above  criticiBm. 
The  cost  of  such  series  of  tests  would  also  have  been  a  8erioa8 
obstacle.  * 

It  was  ascertained  that  in  France  no  uniform  method  or  Btand' 
ards  had  been  proposed  or  adopted,  except  that  the  Government 
making  the  use  of  a  Thomasset  or  Maillard  machine  compulsory 
had  adopted  a  very  small  test  piece,  approximately  the  same  B 
the  Woolwich  Standard. 

General  testing  is  not  carried  out  according  to  a  unifon 
method;  in  fact,  most  engineers  followed  their  own  inclinatior 
which  is  governed  by  the  particular  testing  machine  at  commanc 
The  use  of  testing  machines  is  very  limited  in  France  except  fo 
Government  work. 

As  the  French  Government  makes  the  use  of  a  Thomasset  < 
Maillard  machine  in  all  its  work  compulsory,  the  introduction 
other  forms  has  been  almost  impossible,  and  the  development  * 
this  class  of  machines  is  at  a  standstill. 

Particular  attention  is  called  to  the  fact  that  this  does  not  app 
to  that  part  of  old  France  now  belonging  fo  Germany^  but  to  t 
present  territory  oi  France. 

In  Great  Britain^  the  use  of  testing  machines  is  much  mc 
general  and  the  types  of  machines  used  are  various  in  form,  a 
capacity  generally  being  ponderous.  The  methods  of  test! 
have  not  been  reduced  to  a  standard  proceeding,  and  the  reeu 
obtained  are  as  a  rule  scantily  reported,  so  as  to  be  almost  useL 
for  comparative  purposes,  and  the  observations  taken  are  few  a: 
incomplete. 

The  leading  engineers,  however,  more  particularly  those 
charge  of  laboratories  connected   with  schools  and  colleges,  63 
cute  their  work  in  a  very  accurate  and  complete  manner,  and  t 
shapes  of    test-pieces  and   methods  of    testing  are  very  nea] 
alike. 

In  Belgmniy  lestmg  is  more  general  than  in  France,  but  althouj 
machines  are  more  numerous  and  more  diversified  in  type,  the 
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is  as  yet  neither  general  method  adopted  or  proposed,  Dor  a  stand- 
ard form  of  teet  pieces  in  general  UBe. 

In  Gervw.ni/f  iDclnding  tlie  annexed provineea,  teating,  in  general, 
is  more  advanced  and  general  than  in  anj  other  conntrjr,  and 
almost  all  t^pee  of  machines  are  in  use,  wliile  the  form  of  test 
pieces  and  metliod  of  procedure  are  quite  uniform  and  identical 
with  those  adopted  in  Austria,  Switzerland,  Russia,  and  Denmark. 

During  the  last  decade  German  manufacturers,  engineei'e,  and 
profesBors,  in  conjunction  with  their  fellows  in  Aiielria,  Switzer- 
land, and  Eaasin,  have  had  a  number  of  largely  attended  con- 
ferences in  wliich  a  highly  siiceeBsfnl  effort  was  made  to  adopt 
standard  methods,  teet  pieces,  and  machines.  i 

The  standards  proposed  at  these  conferences  Lave  been  practi-'j 
eally  adopted  almost  universally  in  those  five  countries. 

The  general  results  and  deliberaCione  of  these  conferences  are 
given  in  full  in  Addendum  2,  containing  also  a  list  of  the  names  of 
participants.  These  conferences  proposed  a  great  amount  of  orig- 
inal inveBtigation  to  determine  donbtful  points  and  matters  in 
debate,  and  as  soon  as  such  series  of  tests  had  been  completed  a  new 
conference  was  called  to  deliberate  upon  the  reports  submitted. 
Several  series  of  investigations  were  delegated  to  different  investi- 
gators or  committees,  aud  a  vast  amount  of  work  accompli  shod, 
without  any  expense  to  individuals,  tlie  results  obtained  being  all 
published  in  full  in  the  two  most  important  technical  publica- 
tions in  that  branch,  namely,  tlie  "  Mittheilungen  ana  derVersuchs 
Anstalt  des  k.  Polytechnikum  Muenchen,"  Prof.  J.  Bausehinger, 
and  "Mittheilungen  aus  der  k.k.  Versuchs  Anstalt  Cliarlottea- 
burg,"  Prof.  Martens.  None  of  the  recommendations  of  these  con- 
ferences were  to  be  binding  or  final,  inasmuch  as  new  light  thrown 
upon  this  subject  might  make  a  change  seem  desirable,  but  the  im- 
mediate adoption  of  them  was  strongly  advocated  until  such 
changes  became  desirable. 

As  a  result,  these  recommendations  have  been  introduced  nni- 
vereally  and  have  proved  to  be  of  incalculable  benefit  to  all  parties  ' 
interested.     A  perusal  of  the  report  of  these  conferences  will  show 
that  the  recommendations  advocated  are  id  all  essential  particulars 
identical   with   custom   in  Great   Britain   as  well  as  the  United 
States,  and  with  slight  modifications  to  suit  particular  cases,  similar  , 
standards  could  be  proposed  in  all  countries  so  as  to  make  them  ] 
international. 

Several  of  the  paragraphs  refer  to  tests  which  have,  until  the  { 
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present  time,  been  rarely  made  in  tliis  country,  and  in  order  to  in* 
dicate  the  method  of  carrying  them  out  properly,  the  Genua 
methods  have  been  adhered  to.  Tlius  drop  tests  are  not  often  made, 
and  then  only  with  the  crudest  apparatus,  never  giving  reliable  re« 
suits,  and  making  it  impossible  to  take  accurate  measnrementg. 

As  it  is  only  a  question  of  time  when  such  tests  will  be  made 
regularly  here,  it  was  thought  advisable  to  recommend  the  adop- 
tion of  apparatus  and  methods  which  are  known  from  long  expe- 
rience to  give  satisfactory  results,  and  also  to  propose  the  adoption 
of  such  apparatus  and  methods  as  have  been  in  common  use  else- 
whei'e  and  have  given  valuable  results,  and  which  would  make 
comparisons  easy  and  also  avoid  changing  later  on,  should  an 
international  convention  become  a  fact. 

The  same  is  to  be  said  about  some  tests  of  stone,  which  in  this 
country  are  never  carried  out ;  i.e.,  the  freezing,  quarrying,  and 
abrasion  tests.  These  have  been  earned  out  on  an  extensive  scaA^ 
in  France  and  Germany  b}"  the  highest  authorities,  and  it  wonl< 
not  benefit  an}'  one  here  to  adopt  different  methods ;  it  would  o 
the  contrary  merely  produce  confusion  to  adopt  new  methods  no^ 
and  those  suggested  in  Europe  are  given  in  Appendix  2. 

Moreover,  comparisons  would  be  impossible  and,  as  all  testis 
is  merely  comparative,  the  principal  value  of  work  otherwig 
highly  desirable  would  be  lost. 

Testhig  Machine. — It  is  not  deemerl  advisable  to  recommen 
the  use  or  adoption  of  any  particular  form  of  testing  machine,  a 
there  are  a  number  now  in  daily  use  which,  when  kept  in  goo< 
repair,  can  be  made  to  give  good  results. 

Shackles  and  Holders. — The  use  of  the  form  of  wedge  holders  i; 
almost  universal  use,  however,  can  be  hardly  too  strongly  depn 
cated,  giving  invariably  lower  results  than  the  material  would  sW 
with  a  good  form  of  holders. 

Abrasion  Tests. — No  recommendations  as  to  abrasion  t^sts  c 
straight  or  curved  rails  can  as  yet  be  offered ;  the  subject  has  { 
yet  been  so  little  investigated  that  much  work  must  be  don 
before  any  methods  or  apparatus  can  be  adopted. 

It  is,  however,  undeniable  that  rails  should  be  tested  to  dete 
mine  their  wearing  qualities  under  the  influence  of  impact  an 
friction  under  high  speeds ;  also  the  relative  effects  under  wid 
ranges  of  temperature  and  moisture.  Also,  as  nearly  uine-tentli 
of  the  rails  used  go  into  the  track  under  permanent  set  due  to  cun 
ing,  rails  should  be  tested  principally  in  such  condition.     Befor 
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Bucli  comprehensive  teste  sre  made  regularly,  very  little  can  be  said 
in  advance  of  the  prospective  value  or  wearing  properties  of  rails. 
The  relation  between  tenacity,  elasticity  or  resilience  and  the  life 
of  rails,  has  never  yet  been  determined  in, the  remotest  degree. 

Again,  the  effect  of  different  kinds  of  tires  is  another  field  of 
investigation  which  must  largely  afEect  the  wear  and  life  of  rails,  and 
,  require  special  investigations  not  yet  attempted.  Neither  rails  nor 
'  axles  need  be  subjected  to  bending  tests  by  static  toads,  as  they  are 
'  invariably  strong  enough  in  that  respect,  and  there  is  no  question 
I  about  their  strength  or  quality  after  tlie  drop  test,  which  is  critical, 
has  been  applied. 

Similarly,  the  hammer  test  for  tires  can  be  dispensed  with,  as  no 
additional  information  is  obtained  thereby  after  the  drop  test  haa 
been  made. 

Piece  Tests.— ~\5^  to  the  present  time  no  system  of  testing  has 
been  proposed  which  wonld  give  a  good  knowledge  of  a  large  lot 
I  of  pieces.  It  is  plain  that  when  rods,  rails,  axles,  and  the  like  are 
rolled  in  quantity,  the  examination  of  one  or  two  samples  per  ton  of 
finished  product  does  not  give  satisfactory  information  except  in  a 
general  way ;  and,  although  it  seems  of  great  importance  to 
examine  each  and  every  piece  of  any  lot  of  material,  all  investiga- 
tions tliiis  far  made  have  given  no  indications  of  possible  methods 
to  be  adopted  to  this  end. 

In  the  fabrication  of  eye  bars  for  bridge  work,  the  application  of 
a  test  load  eqnal  to  about  one-third  or  two-fifths  of  the  load  carried 
within  the  clastic  limit  is  a  ueeless  waste  of  time,  uniese  strain  be 
measured  at  the  same  time.  The  determination  of  the  coeEGcient 
or  modulus  of  elasticity  is,  however,  quite  a  different  matter  and 
may  yet  Jead  to  valuable  results. 

Bending  the  ends  of  rivet  rods  is  also  to  be  highly  recomniended, 
fl8  by  this  means  brittle  pieces  are  easily  eliminated  ;  this  test,  how- 
erer,  proves  but  one  quality  and  is-a  very  crude  one  at  best. 

G^iving  axles  and  tires  light  blows  with  hand  hammers  can 
hardly  be  considered  of  value,  as  such  material  must  indeed  be 
very  defeclive  to  bo  affected  by  such  slight  impact. 

It  is  highly  desirable  that  cheap  and  effective  methods  of  mak- 
ing multiple  or  piece  tests  be  investigated  and  proposed  in  order 
that  proper  study  and  discassion  of  such  may  lead  to  standard 
methods. 

In  boiler  plates  it  is  highly  desirable  to  know  the  qualities  of 
each  and  every  plate,  and  methods  of  testing  to  determine  these 


• 
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without  injuring  the  material  or  causing  considerable  expense 
delay  are  very  desirable.     When  constructing  testing  machine 
all  kinds,  the  possibility  of  making  multiple  or  piece  tests  sht 
not  be  lost  sight  of. 

Such  multiple  or  piece  tests  have  long  ago  been  adopted  for: 
ished  articles,  such  as  springs,  chains,  pipes,  boilers,  cylinders,  e 
and  a  proper  method  would  probably  be  adopted  for  other  ma 
rial  as  well.  It  must,  however,  be  bonie  in  mind  that  the  appli 
tion  of  such  tests  is  combined  with  considerable  difficulty  i 
buyers  as  well  as  manufacturers,  which  might,  however,  be  ov 
come  by  proper  methods.  The  results  of  tests  reported  to  yc 
Committee,  and  given  in  Addendum  1,  Tables  II.  a — ^  show  I 
great  harmony  existing  among  experts  in  this  country  in  regard 
methods  pursued  in  testing  and  making  out  reporta  Iir  the  lat 
respect  they  are,  however,  not  as  uniform  as  seems  desirable. 

The  samples  distributed  were  sent  out  to  all  parties  alike,  wi 
out  indicating  or  even  intimating  to  them  what  to  do,  except 
obtain  the  results  desired  as  indicated  by  the  several  columns 
the  blank  furnished. 

It  was  left  to  them  to  obtain  the  results  according  to  their  ( 
methods,  and  the  uniformity  of  results  is  satisfactory. 

In  nearly  all  respects  these  tests  conform  to  the  recomm 
dations  made  by  your  Committee  further  on,  except  in  regard 
the  determination  of  elongations.  A.  study  of  the  new  metl 
proposed  will  probably  demonstrate  the  advisability  of  adopt 
the  same  generally,  as  it  will  give  results  truly  comparative  \ 
of  greater  fairness  toward  the  material  investigated.     ^ 


PROPOSED  RECOMMENDATIONS  FOR  STANDARD 

TESTING. 

CONTENTS. 

L  GenercU  ReeommendatioM. 

1.  Necessary  conditions  of  testing  machines. 

2.  Holding  appliances. 

8.  Standard  apparatus  for  routine  testing. 

4.  Standard  drop  test  apparatus. 

6.  Determination  of  those  qualities  of  material  which  suggest  its  adoption. 

6.  Remarks  on  testing  machine  to  accompany  reports. 

7.  Amplification  of  reports  by  stating  source  of  test  pieces,  etc.,  etc. 

8.  Influence  of  time  on  tests. 

II.  Testii  of  Wrought  Iron  and  sua. 

A.  Kails. 

B.  Axles. 

0.  Tires. 

2).  Wrought  iron  for  structural  purposes. 
E»  Low  steels  for  structural  purposes. 

F,  High  steels  for  structural  purposes. 

G.  Wrought  iron  for  boilers. 
II,  Low  steels  for  boilers. 

/.  Materials  used  in  ship  building. 

J.  Wire. 

K.  Wire  rope. 

in.  Oast  Iron, 

IV.  Copper,  Bronze,  and  other  MetaU, 

V.  Woodi, 

VIII.  Method  of  Teeting, 

1.  General  recommendations  for  testing  finished  pieces  in  original  shape. 

2.  Tension  test  in  general. 
8.  Compression  tests. 

4.  Transverse  tests. 

6.  Torsion  testa. 

6.  Multiple  or  piece  tests. 

7.  Welding  tests. 

8.  Bending  tests. 
0.  Hardening  tests. 

to.  Forging  tests. 

11.  Punching  tests. 

12.  Abrasion  test. 
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IX.  Shape  of  7'tnt  Picett. 

1.  For  teoalon  testa. 

2.  For  comprciBBioD  teats, 

4.  For  torsion  testa. 

5.  For  beudtng  le^tB, 

6.  MuUiple  or  piecf,  welding,  liardening.  and  sbraaion  teat?, 

I.  General  Becommendations, 

1.  Teaiing  Machines  must  be  so  arranged  that  tliey  can  be 
readilj  and  accurately  rated,  gauged,  calibrated,  or  standardized. 

Their  construction  must  be  such  that  stresses  can  be  applied  . 
uniformly  and  without  impact,  in  both,  hydraulic  and  screwd 
mac-bines. 

For  practical  purposes  it  is  not  necessary  that  they  be  auto-  ^ 
matic  iu  their  action. 

2.  Good  Shaeklea  or  Jlolders  must  be  so  constructed  that 
stresses  are  applied  uniformly  over  the  entire  section  of  test 
piece.     Therefore  the  following  requirements  become  imperative ; 

a.  For  Compression  Tests. 

a.  Free  atid  easiest  possible  motion  of  one  of  the  tables  or  < 
supports  in  all  directions. 

b.  The  surfaces   on   which  pressure   is  applied  must  be  i 
nearly  as  possible  parallel,  and  must  therefore  be  planed,  < 
turned  or  gi'ound,  material  permitting. 

/S.  For  Tension  Testa. 

a.  Free  and  easy  movement  of  test  piece  for  adjustment  at  J 

beginnitig  of  test. 
J.  Positive  automatic  devices  which  compel  the  test  pieces  1 
to  assume  a   truly  axial   position,  before   application   of 
stress,  at  the  same  time  preventing  shifting  of  test  piece 
during  test. 
These  conditions  are  fulSlled,  for  round  and  square  and  flat 
pieces,  as  experisuce  has  shown,    in  a  more  or  less  satisfactory 
manner,  by  some  forms  of  universal  joint  with  undivided  spherical 
shell,  or  knife-edge  bearings. 

FoT^at  bars  are  recommended  pin-holes  with  pin  ;  iind  with  one 
bole  and  bolt  at  each  end  only,  or  milled  ends  and  corresponding 
wedges. 

The  above  conditions  are  most  nearly  satisfied  by  Pummers' 
Shackles  or  Holders,  or  another  form  as  now  made  by  Biehle 
Bros.,  of  Philadelphia,  and  by  the  Emery  Tension  Holders. 
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The  use  of  serrated  wedges  wluch  cut  the  test  pieces,  especially 
vitliout  intermediate  adjusting  blocks,  is  to  be  strongly  depre- 
cated. 

3.  It  is  not  deemed  advisable  to  recommend  the  adoption  of 
any  particnlar  form  of  testing  machine  now  in  use,  as  a  number 
of  well-known  types  can  be  made  to  fulfill  the  requirements  of 
roatine  work  with  sufficient  accura^jy  for  practical  purposes, 

4.  Drop  Tests  are  to  be  made  on  a  Sta^idard  Drop — which  is  to 
embody  the  following  essential  points:  m 

a.  Each  drop  test  apparatus  (Drop)  must  be  standardized,  | 

h.  The  ball  (falling  masses)  shall  weigh  1,000  or  1,500  pounds  j 
the  smaller  is,  however,  preferabla 

c.  The  ball  may  be  made  of  cast  iron,  cast  or  wrought  steel ; 
the  shape  is  to  be  such  ihat  its  centre  of  gravity  be  as  low  as 
possible. 

d.  The  striking  block  is  to  be  made  of  forged  steel,  and  is  to  be 
secured  to  the  ball  by  dovetail  and  wedges  in  a  rigid  manner,  and 
so  that  tlie  striking  face  is  placed  strictly  symmetrical  about  and 
normal  to  its  vertical  axis  passing  through  the  centre  of  gravity. 
Special  permanent  marks  are  to  indicate  the  correctness  of  the 
face  in  these  respects. 

Special  marks  should  be  made  to  indicate  the  centre  of  the 
anvil  block, 

e.  The  length  of  guides  on  the  ball  should  be  more  than  twice 
the  width  between  the  guides,  which  are  to  be  made  of  metal ;  i.e., 
rails  so  placed  that  the  ball  has  but  a  minimum  amount  of  play 
between  them. 

Lubricating  the  guides  with  graphite  is  desirable. 

f.  The  detachment  or  shears  must  not  cause  tlie  ball  to  oscil- 
late between  the  guides,  and  must  be  readily  and  freely  control- 
lable, with  the  point  of  suspension  trnly  above  the  centre  of 
gravity  of  the  ball,  and  a  short  movable 
link,  chain  or  rope,  is  to  be  fixed  between 
the  ball  and  shears  or  detachment. 

The  subjoined  Fig,  69,  showing  the  meth-  , 
od  officially  employed  in  Bussia,  is  psrtio- 1 
alarly  recommended. 

g.  When   a  constant  height   of  drop  i 
used,  an  automatic  detaching    device  is 
recommendetl- 

/'.  The  bearings  for  the  test  piece  are  to  be  rigidly  attached  taj 
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the  scaffold  or  frame,  and  they  should  be,  wherever  possibl 
one  piece  with  it. 

i.  The  weight  of  frame,  bearings,  and  anvil  block  shonld 
least  ten  times  that  of  the  ball 

Jc.  The  foundation  should  be  inelastic,  and  consist  of  masozzn^^ 
the  magnitude  of  which  is  to  be  determined  by  the  localify-juiJ 
subsoil. 

L  The  surface  struck  should  always  be  accurately  level ;  there- 
fore proper  shoes  or  bearing  blocks  are  to  be  provided  for  testing 
rails,  axles,  tires,  springs,  etc.,  etc.,  to  ensure  a  proper  level  npp^^ 
surface  ;  these  blocks  are  to  be  as  light  as  possibla 

The  exact  shape  of  these  bearing-blocks  is  to  be  given  on  eac' 
test  report. 

m.  The  gallows  or  frame  should  be  truly  vertical  and  the  gold 
accurately  parallel. 

n.  The  height  of  fall  of  ball  should  be  20  feet  clear,  betweec:: 
striking  and  struck  surfaces. 

o.  Drops  which  by  friction  of'  ball  on  guides  absorb  two  pei0 
cent,  of  the  work  due  to  impact,  are  to  be  discarded. 

p.  For  large  tests  a  ball  weighing  2,000  pounds  is  to  be  used. 

q,  A  sliding  scale  is  to  be  attached  to  the  frame  and  in  such  « 
manner  that  the  zero  mark  can  always  be  placed  on  a  level  withi 
the  top  of  the  test  piece. 

5.  Determination  of  those  properties  of  a  mate^'ifd  which  suggest 
its  adoption. 

Materials  are  to  be  tested  in  such  a  manner  as  to  develop  a  fall 
knowledge  of  those  qualities  or  properties  which  suggest  their 
adoption  for  any  particular  purpose ;  and  the  tests  are  to  em- 
body, as  closely  as  possible,  actual  conditions  when  in  use; 

The  quality  of  a  material  itself  is  the  resultant  of  all  of  its 
mechanical  properties.  As  long  as  the  interdependence  of  these 
several  properties  is  unknown,  so  that  the  existence  of  several 
might  lead  to  the  deduction  of  others — and  we  are  still  far  from 
such  knowledge — so  long  the  observation  of  a  few  of  the  proper- 
ties will  not  be  sufficient  to  judge  of  the  applicability  of  the  mate- 
rial for  different  purposes ;  it  must  therefore  be  tested  under 
conditions  exactly  similar  to  those  met  with  in  actual  use. 

6.  To  the  results  recorded  by  the  experimenter  are  to  be 
annexed  such  short  notes  upon  the  machines  and  methods 
employed  as  are  necessary,  in  judging  of  the  results  obtained. 

7.  The  sources  of  test  pieces,  as  weU  as  microsoopio  or  chemical 
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analyses,  or  both,  as  well  as  notes  on  the  process  of  their  amaa- 
{ftctnie  and  other  physical,  chemical,  or  technical  characteristics, 
Me  to  be  noted  on  the  Reports  of  Tests, 

Sneh  amplification  of  reports  of  teats  will  rarely  be  possible  in 
routine  testing,  but  it  is  highly  desirable,  and  should  never  be 
neglected  in  scientific  researches  and  standard  tests. 

8.  Althongh  the  exact  influence  of  duration  of  tests  on  results 
obtained  lias  never  been  positively  deteimined,  enough  data  have 
been  secured  to  show  that  time  should  be  carefully  noted  in  each 
ease. 

H.  Tests  of  Wkodoht  Iron  and  Steel. 
A.RaUs. 

1.  Bails — for  reasons  of  safety  of  trafGc,  and  in  accordance 
with  recommendations,  and  I,  No.  5 — should  be  subjected  to  the 
drop  test,  by  means  of  proper  devices  (see  Standard  Drop,  I. 
No.  1), 

2.  When  further  knowledge  of  the  quality  of  the  material  is 
desired,  tension  teats  are  to  be  made. 

3.  Bails  should  be  subjected  to  bending  tests  (with  static  load), 
^d  in  two  ways;  one  to  determine  the  "  yield  point,"  by  perma- 
nent set ;  the  other  to  determine  the  amount  of  permanent  deflee- 
*'on  QQder  excessive  loads  beyond  the  elastic  limit. 

-*•    Adea. 

^-  ^xles  are  to  be  subjected  to  drop  test  at  their  middle  as 
*«11  as  the  ends. 

^-  Tension  Tests  of  same  are  to  be  made  for  additional  kuowl- 
®*^e  of  material. 

3.  Axlea  need  not  be  subjected  to  bending  teat. 

■  ^ires. 

J    ^-  Tires  are  to  be  subjected,  the  same  as  rails  and  axles,  to  the 

,  ^-  Tension  tests  are  to  be  made  when  additional  information 
•^Qt  the  material  is  desirable. 
"-    The  hammer  teat  is  not  necessary, 

■  brought  Iron  for  Structural  Purposes. 
''-•It  should  be  subjected  to  tension  test. 
^-   To  the  bending  test. 

■^^  Also  to  welding  test. 
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E,  Low  Steels  for  Structural  Purposes. 

1.  Tension  tests  and 

2.  Bending  tests  are  to  be  made,  as  well  as 
8.  Welding  tests  and 

4.  Hardening  tests  when  the  material  is  to  be  used  for 
members,  so  commonly  used  in  this  coimtrj. 

5.  Annealing  test  of  forged  work. 

F,  High  Steels  for  Structural  Purposes. 

1.  Tension  tests  and 

2.  Bending  test,  as  well  as 

3.  Hardening  tests,  are  to  be  made^ 

G,  Wrought  Iron  for  Boiler  Work. 

1.  For  three  shapes  used  in  boiler  work  of  wrought  iron      ^ 
following  tests  are  to  be  made : 

a.  For  Plates. 

1.  Tension  test. 

2.  Bending  test ;  cold,  hot. 

3.  Forging  and  punching  test 

h.  For  Shape  Iron, 

1.  Tension  test. 

2.  Bending  test ;  cold  and  hot. 

3.  Forging  and  punching  test. 

4.  Welding  tests  for  all  shapes  to  be  welded  when  in  use. 

For  Rivet  Rods, 

1.  Tension  test 

2.  Bending  and  forging  test. 

H.  Ij)w  Steels  for  Boiler  Work,  are  to  be  tested, 

1.  By  tension  test. 

2.  By  the  bending  test ;  hot  and  cold. 
8.  Quenching  or  hardening  tests. 

4.  Forging  tests. 

/.  Materials  used  in  Ship  Construction. 

1.  Plates,  are  to  be  subjected 

a.  To  tension  test. 

h.  To  bending  test.  cold. 
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2.  Shapes  of  aU  kinds  are  to  be  tested 

a.  Bj  tension  tests. 

h.  By  bending  test ;  cold  and  hot 

3.  Rivet  Iron  is  to  be  subjected  to 

a.  Tension  test. 
K  Bending  test, 
c.  Forging  test. 

J.    Wire. 

Wire  is  to  be  subjected  to 

1.  Tension  test. 

2.  Winding  test  by  mechanical  means,  excluding  arbitrary 
treatment. 

3.  Bending  test,  by  repeatedly  lending  the  wire  forward  and 
back  around  a  turned  stud  having  a  diameter  equal  to  the  thick- 
ness of  the  wire  to  be  tested. 

Jfl  Wire  Hope, 

Wire  ropes  are  to  be  tested  by 

1.  Tension  test. 

2.  By  impact  longitudinally. 

III.  Cast  Iron. 

Cast  Iron  should  be  tested  by 

1.  Tension  test 

2.  Bending  test. 

3.  Compression  test. 

IV.  Copper,  Alloys,  and  Soft  Metals. 

Copper,  its  alloys  and  other  soft  metals,  should  be  subjected  to 

1.  Tension  test. 

2.  Compression  test. 

V.  Woods. 

Woods  are  to  be  subjected  to 

1.  Tension  test. 

2.  Transverse  test. 
8.  Compression  test 
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Vm.  Method  op  Testing. 

1.  Oeiieral  Recommendations. 

In  every  case  where  it  is  possible  to  test  material  in  its  fini'sii 
form  this  should  be  done,  as  thus  only  are  we  often  enabW  i 
determine  the  value  of  technical  processes  to  which  material  ii 
subjected,  and  whether  the  material  is  of  the  proper  kind  to  recom 
mend  its  adoption.  In  order,  however,  to  compare  material  genei 
ally,  standard  tests  should  always  be  made  in  addition  to  the  abov< 

When  material  is  always  used  in  the  condition  in  which 
comes  from  the  rolls  or  mould,  it  should  be  tested  in  such  conditic 
and  in  full-size  pieces,  and  not  by  using  specially  prepared  spec 
mens.  Thus  the  fact  of  cast  metal  having  sometimes  a  decid< 
skin  may  produce  beneficial  results,  although  in  some  cases  tl 
contrary  is  produced ;  therefore,  in  one  case,  chilling  is  resorted 
and  in  the  other,  annealing.  It  wiU  be  seen  that  in  either  of  the 
cases  a  specimen  specially  prepared  would  give  erroneous  resol 
and  the  only  manner  in  which  comparative  results  would 
obtained  would  be  to  obviate  all  surface  influences. 

The  same  holds  true  in  rolled  material,  and  the  method  of  p 
cedure  in  both  cases  must  depend  largely  upon  the  particu 
application  of  the  material. 

Therefore  the  method  of  procedure  must  begin  with  a  study 
the  purposes  for  which  the  particular  material  is  to  be  applied. 

As,  however,  great  quantities  of  material  are  used  for  similar  p 
poses,  and  past  experience  has  shown  that  there  is  a  relat 
between  tests  on  small  specimens  and  pieces  of  large  dimensic 
it  is  generally  sufficient  to  prepare  standard  specimens  and  t 
them  by  similar  methods. 

All  samples  submitted  for  test  must  be  carefully  examined 
flaws,  defects,  and  irregularities  or  abnormal  appearances,  8 
rejected  for  either  these  causes;  when,  however,  no  perfect  mat 
ial  is  available,  then  the  peculiar  characteristics  are  to  be  noted 
sketch  and  description,  if  possible,  before  proceeding  to  prep 
test  specimen. 

Preparation  of  test  specimen  can  now  be  commenced  in  acco 
ance  with  propositions  rulaiiug  thereto,  as  in  the  Appendices. 

Careful  and  correct  prcpaiiuion  of  test  pieces  is  so  very  imp 
tant  a  matter  that  sufficient  stress  can  hardly  be  laid  upon 
The  slightest  blow  of  a  hammer  or  simply  dropping  pieces 
metal  or  stone  are  frequently  causes  of  most  erroneous  results,  a 
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■  irftenbiTe  greater  effect  on  resnltB  obtained  and  quality  of  material 
f  ttuiQ  iride  variatioQB  in  composition  or  manipnlation.  As  a  geti- 
I  <nl  mle,  however,  all  Eoft  materials  are  less  liable  to  show  such 
|e&cttiuu]  harder  ones. 

In  greparation  of  wood  specimens,  it  is  of  vital  importance  to 
I  mid  eren  the  slighted  nicks  or  cats  and  bmiaes  on  surfaces  and 
I  forneia,  as  these  will  inrariablj  be  the  causes  of  failnre  in  all 
gittsef  of  testa. 

All  measurements  in  standard  or  eciontiSc  tests  are  to  be  made 
I  nth  iia  greatest  possible  care  and  highest  degree  of  accuracy, 
I  MBiitcd  by  the  beet  apparatus. 

2.  Tennon  Tesf. 

Kuawing  that  the  test  piece  is  correctly  prepared,  the  next  pro-  / 
CMistomarkoS  the  standard  length  and  snbdirieione,  and  then  ; 
miking  earefal  note  of  all.  dimensions;  recording  total  length,  ; 
guge  length  (or  length  on  whioh  measurements  of  strain  are 
^ri'ed),  fillets  at  shoulders,  shape  of  shonldera,  if  any,  length-  of  \ 
put  gripped,  and  polarity  of  material,  if  magnetic 

TIls  ^mcimen  is  to  be  divided  between  gauge  marks  into  inches 


"id  bilf  inches,  in  order  that  the  Btretcb  after  ruptnre  or  elonga- 
lion  v,u\  be  measured  correctly.  As  material  generally  breaks  at  a 
point  other  tlian  half-way  between  the  gauge  marks,  direct  measure- 
ments of  streUh  between  them  rarely  give  correct  results  or  such 
'liicli  do  jnsticX  to  the  material.  Aa,  however,  the  change  of  shape 
sroHmi  the  location  of  fracture  is  almost  invariably  symmetrical, 
aDowaice  for  eccentric  fractaree  can  be  made.  Ah  is  well  known, 
')'» 8tr«tch  of  material  near  plane  of  rupture  is  very  much  greater 
tW  that  at  points  distant  from  it;  thus  if  rupture  were  to  occur 
»t »  gHQge  mark,  the  total  strain  between  marks  would  be  very 
MDch  less  than  when  tlie  rupture  had  taken  place  near  the  centre 
between  them,  as  the  stretch  of  material  one  inch  each  way  from 
'■^tiire  16  nearly  double  that  of  similar  parts  three  or  four  inches 
'■'Btant.  Therefore,  a  direct  measurement  of  stretch  would  give  an 
elongation  manifestly  unfair  to  the  material,  and  only  such  tests 
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would  be  comparable  in  this  respect  in  which  rupture  occnr^^ 
exactly  similar  locations. 

If  now  the  total  stretch  were  determined  by  measuring  the  tun 
in  the  manner  following,  a  true  elongation  for  the  standard  length 
between  gauge  marks  would  be  obtained. 

ThuSj  havuig  divided  the  standard  length  into  24  parts^  mtoh 
ure  from  ii  to  cover  ail  divisions  tip  to  12  to  the  right — oriwdw 
parts — then  measiire  from  f f  toward  the  left  to  4,  and  add  ikt 
elongation  of  parts  4-12,  measured  to  right  of  fracture^  or  eigh 
parts  to  this  ;  thus  the  elongation  of  the  standard  24  pa/rU  twi 
he  obtained  as  though  the  fracture  were  located  eoDacUy  at  the  mtfl 
die  division^  for  the  elongation  of  the  divisions  4-12  on  the  fig) 
is,  undoubtedly,  practically  the  same  as  thai  of  a  similar  origini 
length  would  be  if  located  on  the  other  side  of  the  fracture. 

The  direct  measurement  of  elongation,  as  heretofore  general 
made,  lias  always  been  unsatisfactory,  and  if  given  without  Btai 
ment  of  location  of  fracture,  was  very  apt  to  be  misleading ;  f 
this  reason  the  above  method  is  proposed  and  recommended,  ai 
that  standard  test  pieces  be  divided  into  inches  and  one-half  inch 
as  the  most  suitable  for  the  purpose.  It  would  give  better  reeu 
to  divide  the  standard  eight  inch  length  into  quarter  inches  or  s 
smaller  subdivisions,  but  as  this  would  take  more  time  and  lab 
the  half  inch  divisions  are  recommended. 

Having  then  determined  the  equilibrium  of  the  testing  roach 
before  each  test,  the  specimen  is  inserted  in  a  truly  axial  posit 
in  the  machine  by  measuring  carefully  its  position  in  twodirecti 
in  planes  normal  to  each  other  and  passing  through  the  axis  of 
machine.  This  must  be  done  with  the  greatest  care  to  make  8 
that  the  stress  will  be  applied  symmetrically  to  the  test  piece. 

Now  the  auxiliary  apparatus  for  measuring  stretch  or  obtaio 
autographic  diagrams  may  be  attached,  and  the  actual  test  cai 
commenced. 

The  test  is  made  by  applying  stress  continuously  and  unifor 
without  intermission  until  the  instant  of  rupture,  only  stoppin 
intervals  long  enough  to  make  the  desired  observations  of  stn 
and  change  of  shape. 

The  stress  should  at  no  time  be  decreased  and  reapplied  i 
standard  test,  but  should  be  maintained  continuously. 

After  removing  the  fractured   specimen  from  the  machine 
measurements  of  shape  are  to  be  made,  and  a  description  of 
peculiar  characteristics  of  fractured  as  well  as  external  surface 
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Q,  adding  the  time  of  test.     When  fracture  is  cnp  shaped,  state 
position  of  cop — whether  in  upper  or  lower  piece. 
XL  recording  the  results  of  tests,  loads  at  elastic  limit,  at  yield 
int,  maximum,  and  instant  of  rupture  are  all  to  be  noted. 
The  load  at  elastic  limit  is  to  be  that  stress  which  produces  a 
bnge  in  the  rate  of  stretch. 

The  load  at  yield  point  is  to  be  that  stress  under  which  the  rate 
of  stretch  suddenly  increases  rapidly. 

The  maximum  load  is  to  be  the  highest  load  carried  by  the 
teit  piece. 

The  load  at  instant  of  rupture  is  not  the  maximum  load  carried,  ; 
but  a  lesser  load  carried  by  the  specimen  at  the  instant  of  greatest 
•tricture. 

In  ginng  results  of  tests  it  is  not  necessary  to  give  the  load  per 

nnit  section  of  reduced  area,  because  such  figure  is  of  no  value ; 

becaage  it  is  not  always  possible  to  obtain  the  load  at  instant  of 

nptare;  because  it  is  generally  impossible  to  obtain  a   correct 

oeasurement  of  the  area  of  section   after  rupture ;  and  lastly, 

becaase  the  amount  of  reduction  of  area  is  principally  dependent 

QpoQ  local   and  accidental   conditions  at  the   point  of  rupture. 

Tile  modulus   or  coeflBcient  of  elasticity  is  to  be  deduced  from  ' 

'"oasureiiients  of   strain   observed   between   fixed   increments  of 

^oad  per  unit  section ;    between  2,000   pounds    per   square   inch 

*Qci  12,000  pounds  per  square  inch  ;  or  between  1,000  pounds  per 

®^^are  inch  and  11,000  pounds  per  square  inch.      With   this  pre- 

^^^tion  several  sources  of  error  are  avoided  and  make  it  possible 

^  Compare  results  on  the  same  basis. 

By  loading  specimens  up  to  1,000  or  2,000  pounds  per  square 

^^chj  all  initial  errors  are  avoided,  such  as  occur  generally  at  the 

^oiriTnencement  of  each  test.    The  auxiliary  apparatus  adjusts  itself 

^otnewhat  during  this  period  of  loading  and  the  specimen  assumes 

*  true  position  should  any  slight  irregularity  exist. 

ly  measuring  the  stretch  for  an  increment  load  of  10,000  pounds 
P^r  square  inch,  a  reasonable  elongation  is  obtained  and  slight 
^^rors  of  observation  are  of  less  importance  than  when  smaller 
increments  of  load  are  used,  as  the  same  error  of  observation  would 
^^^st  for  measurements  of  strain  due  to  increments  of  load  of  2,000 
^^  10,000  pounds  per  square  inch. 

Jt  would,  in  all  cases  of  strons:  or  hard  materials  in  which  the 

^^it  of  elasticity  is  found  above  30,000  pounds  per  square  inch, 

^^t*haps  be  desirable  to  let  this  increment  of  load  he  20,000  pounds 
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in  order  to  measure  a  still  greater  stretch  and  thereby  rednee  pos- 
sible errors ;  but  as  a  number  of  materials  have  a  lower  diatie 
limit,  the  smaller  increment  of  load  is  recommended  in  all  cueii 

There  is,  however,  no  objection  to  measure  the  stretch  for  the 
greater  increment  as  well,  though  in  that  case  this  should  be  dis- 
tinctly stated  on  the  report. 

Inasmuch  as  all  materials  are  used  within  the  elastic  limit  only, 
it  cannot  be  urged  with  too  much  emphasis  that  the  elastic  prop^ 
erties  within  the  limit  should  be  observed  with  the  greatest  care 
as  well  as  the  ultimate  behavior  as  heretofore  mainly  noted. 
All  theories  of  the  resistance  of  materials  are  based  on  the  proper 
ties  within  such  limit,  and  it  is  therefore  recommended  that  the; 
be  investigated  with  proper  apparatus  in  order  to  determine  thex 
with  the  greatest  possible  precision. 

For  some  purposes,  such,  for  instance,  as  working  materials,  th^ 
ultimate  resistances  should  also  be  known,  but  generally  the  elasC: 
resistances  only  are  called  into  play  in  finished  stmctores,  exce^ 
rubbing  surfaces  in  machinery. 

3.  Compreadon  Testa. 

The  test  pieces  are  in  all  cases  to  be  prepared  with  the  greate 
care  to  make  sure  that  the  end  surfaces  are  true  parallel  planes  nc 
mal  to  the  axis  of  the  specimen. 

All  materials  are  to  be  placed  in  the  machines  without  the  inte 
position  of  wedges,  chains,  or  disks  of  materials  of  any  kind  at 
must  be  placed  truly  central  or  coincident  with  the  axis  of  tl 
machine. 

In  large  specimens,  when  tested  horizontally,  initial  flexure  < 
test  pieces  is  to  be  avoided  by  counter-weighting  the  mass  of  tl 
pieces  by  proper  devices.  Although  compression  tests  have  her 
tofore  been  made  on  diminutive  sample  pieces,  it  is  highly  dedr 
ble  that  tests  be  also  made  on  long  pieces  from  10-20  diameters  : 
length,  corresponding  more  nearly  with  actual  practice,  in  ord 
that  clastic  strain  and  change  of  shape  may  be  determined  by  uaii 
proper  measuring  apparatus. 

The  elastic  limit,  modulus  or  coeflicient  of  elasticity,  maximn 
and  ultimate  resistances,  are  again  to  be  deterfnined,  as  well  as  tl 
increase  of  section  at  various  points,  viz.:  at  bearing  snr&ces  ai 
at  crippling  point. 

The  total  compression  is  to  be  determined  by  dividing  the  loi 
specimens  precisely  as  in  the  case  of  tension  test  pieces,  and  tl 
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laodaluB  or  coefficient  of   elasticity  in  the  Baine  manner  as  before 
described. 

The  use  of  long  couipreseion  tcet  pieces  is  reconimended,  because 
the  inveatigation  of  short  cubes  or  cylinders  lias  led  to  do  direct 
application  of  the  constantB  obtained  by  their  use  in  computation  of 
actual  structures,  which  have  always  been  and  are  now  designed 
according  to  empirical  formulae  obtained  from  a  few  tests  of  long 
I  columns. 

Moreover,  the  investigations  of  Christie,  and  also  of  0-  A.  Mar- 
,  have  shown  a  direct  relation  between  the  elastic  prupertJee 
ind  resistances  of  materials  when  tested  in  long  specimens. 


4.  Transverse  Test. 
In  this  test  the  specimen  is  to  be  placed  in  the  machine  in  a 
truly  horizontal  manner;  stress  is  to  be  applied  at  the  centre  nor- 
mal to  the  axis  of  test  piece,  and  in  a  plane  passing  through  the 
three  points  of  resistaoce.  Sharp  edges  on  all  bearing  pieces  are 
to  be  avoided,  aiid  the  particular  form  selected  to  be  shown  by 
sketch  or  full  description  on  report. 

The  use  of  rolling  bearings  which  move  accurately  with  the 
angular  deflection  of  ends  of  bare  are  especially  recommended,  as 
fised  bearings  cause  change  of  length  of  specimens  between  points 
of  support  during  test, 

Deflections  at  centre  are  to  be  measured  carefully  from  a  base 

or  table  which  does  not  change  its  position   relative  to  bearing 

L  snrfaces   under   varying   loads.      It   is   also  desirable   to   observe 

^deflections  at  Hxed  distances  from  centre  for  the  purpose  of  plot- 

\  tiag  the  elastic  curve  of  the  materia!  within  the  elastic  limit. 

It  is  of  primary  importance  to  measure  deflections  within  elastic 
I  Hmit,  although  a  knowledge  of  permanent  deflections  is  sonietimeB 
I  valuable. 

5.  Torsion  Tests. 
In  this  test  particular  care  must  be  had  that  the  body  and  ends 
f  test  piece  are  absolutely  concentric ;  that  the  stress  be  absolutely 
vial  and  applied  tangentially  to  the  surface  of  test  piece,  and  that 
)  displacement  in  this  respect  occur  during  test.  There  must  be 
free  motion  of  the  ends  along  the  axis  so  as  to  avoid  longitudinal 
etrees  on  the  material. 

The  angular  motion  must  be  carefully  noted  by  the  use  of  indi- 
cators placed  oti  the  body  of  the  test  piece  and  not  on  the  shoulders. 
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Particular  sttentioD  most  tie  given  to  distortion  witiiin  elii 
limit. 

6.  MuUipU  or  IHeca  Te^. 

At  present,  nogenerftl  recommendation  cad  be  offered  bowtoi 
ply  tills  test  except  as  referring  to  smftll  rods  and  bars  np  to  lU 
one  square  inch  section,  and  finished  articles  such  u  springe, chii 
pipes,  boilers,  and  cylinders  of  every  kind.  In  ease  of  tmallhi 
and  rods,  a  satisfactory  and  inexpensive  test  that  can  be  appl 
rapidly  is  as  follows :  One  end  of  the  bar  is  inserted  into  a  bend 
test  machine,  shown  by  Fig.  27.    This  machiae  carries  a  ceni 


Kg.  87. 


stud  of  adjustable  size,  around  which  the  bar  or  rod  ia  bent 
steady  pressure  and  up  to  a  given  angle  adopted,  correapondin 
the  relative  quality  of  the  particular  materi^  ezamined. 

The  adjustable  sttid  £7,  should  have  a  diameter  eqnal  to  twici 
tliickness  or  diameter  of  the  material  to  be'  tested.  The  mat 
is  placed  as  shown  at  S  T;  then  roller,  R,  carried  by  franK 
is  brought  to  bear  against  material  by  means  of  lever,  Z,  pac 
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tlirongli  frame,  F.     Original   position  of  bar  ie  read  off  on  gradu- 
ated  circle,  (?,  which  can  revolve  bo  as  to  bring  O  opposite  niaterial 
Lif  desired.     Now  preeaiire  on  lever,  L,  bends  material,  T,  until  the 
I'dcsired  permanent  set,  as  read  off  on  (?,  is  produced. 

Tiiis  test  is  very  rapid,  waateB  a  minltnuin  amount  of  material, 
and  requires  an  inexpensive  machine,  which  ia  also  used  for  bead- 
ing tests  in  general. 

Springs  should  be  tested  by  applying  the  maximum  working  load, 
measuring  length  or  height  of  spring,  before  and  after,  as  well  as 
dimensions  (extension  or  compreaeion)  during  the  test.  AcL-ordiug 
to  requirements  to  be  fulfilled,  the  pressure  is  to  be  produced  bj 
impact  or  by  steady  pressure.  A  single  application  of  test  load 
safficee. 

Chmna  are  to  be  tested  by  snbjecting  tliem  to  a  working  load 
kftud  observing  elastic  and  permanent  strain  and  change  of  shape  of 

Pipes  are  to  be  tested  by  applying  hydraulic  pressure  equal  to 
Is  maximum  working  toad,  observing  expansion  of  pipe  under  euch 
I  load,  as  well  as  permanent  set  if  any,  and  noting  that  pipe  does 
'  not  teak  bat  carries  pressure. 

Cylinders  are  to  be  tested  in  a  similar  manner  to  pipes,  and 
Ixnlers  according  to  the  method  adopted  by  the  Hartford  Steam 
Boiler  and  Inspection  Co.,  and  now  adopted  generally  throughout 
the  country. 

Copies  of  instructions  giving  an  account  of  this  method  are  so 
widely  distributed  that  it  is  not  considered  necessary  to  append 
them  in  this  place. 

7.    Wdding  Test. 
Although  not  often  applied  in  Europe,  this  becomes  of  impor- 
tance in  our  country  because  weldud   members   are  so  generally    / 
used  in  structural  work.     The  test  is  made  as  follows :  A  piece  of  y 
the  metal  about  one  inch  in  largest  dimeneioo  of  section  Is  pre-/ 
pared  as  for  a  simple  scarf  weld.     The  two  halves  to  be  weldedf 
Lure   then   inserted    in   a   coke,  gas,  or   petroleum  furnace  having 
,  true  reducing  flame,  having  ascortained  that  the  furnace  and 
)   perfectly  clean.     Wlien   the  metal  has  attained   a  clear 
white  or   welding   heat,  and   without   further  delay,  it   is  to  be 
removed  from  the  fire,  and  then  by  a  few  blows  of  a  liammer 
iveighing  from  8  to  10  lbs.  to  be  welded  together  to  form  a  joint, 
everal  blows  delivered  to  the  end  of  the  bar  will  serve  t^ 
Eppset  it,  and  the  weld  must  then  be  drawn  down  to  the  normal  s 
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and  shape  by  tlie  use  of  the  same  hammer.     The  use  of  ^ft  sou 
hammer  is  not  admissible,  as  with  it  the  best  results  camoot  h 
obtained.     The  whole  operation  of  welding  and  finishing  is   to  be 
done  in  one  heat  without  the  use  of  fluxes  of  any  kind.     Wh&i 
the  bar  lias  become  cold  without  the  use  of  water,  it  is  to  be  tested 
in  its  rough  shape  by  the  regular  tension  test.     Another  sample  ^ 
to  be  welded  in  the  same  manner,  and  after  nicking  it  to  thedep^ 
of  the  weld,  it  is  to  be  bent  or  broken,  if  possible,  to  show  tl« 
character  of  the  welded  surfaces.    No  water  is  to  be  used  at  a^J 
time  during  the  test  and  the  bar  must  neither  be  finished  cold  Tt^^ 
struck  by  the  hammer  except  where  well  heated. 

8.  Bending  Testa 

Afford  the  readiest  means  of  determining  ductility  of  material 
and  are  valuable  when  made  by  mechanical  means. 

This  test  is  to  be  made  as  described  under  6,  p.  626,  by  means  C^ 
an  apparatus  similar  to  the  one  shown  in  Fig.  27.  The  apparatiii 
must  work  free  from  shock  and  injury  to  the  bar  by  coming  int^ 
contact  with  sharp  corners  or  edges.  The  old  method  of  makin| 
bending  tests  by  sticking  the  test  piece  into  a  hole  in  the  anvil  oi 
the  jaws  of  a  vise,  and  then  bending  the  free  end  by  striking  it  b] 
a  hammer  is  to  be  deprecated  most  seriously. 

The  stud  about  which  the  material  is  to  be  bent  is  to  measur 
twice  the  thickness  or  diameter  of  the  bar,  and  the  diameter  c 
stud,  Fig.  27,  is  to  be  varied  by  using  sleeves  which  fit  the  stu' 
closely.  The  amount  of  permanent  deflection  varies  according  t 
the  quality  of  the  material  and  its  uses,  and  is  read  off  directly  o 
the  graduated  ring,  G. 

This  apparatus  avoids  possible  injury  to  the  material,  make 
application  of  stress  uniform,  and  gives  correct  measurements  c 
diameter  around  an  angle  to  which  deformation  is  prodace< 
besides  providing  a  rapid  method  easily  carried  out. 

9.  Hardening  Tests 

Are  to  be  made  by  making  the  foregoing  bending  tests,  onl 
carrying  it  on  to  rupture,  and  reading  the  angle  at  which  rnptui 
occurs ;  then  other  pieces  exactly  similar  to  those  thus  tested  ar 
to  be  heated  carefully  to  a  fair  red  heat  and  then  plunged  int 
water  at  a  temperature  of  from  32-40°  F.  These  qnenche 
pieces  are  then  to  be  tested  precisely  as  those  tested  in  thei 
natural  condition,  and  the  angle  through  which  they  bent  befor 
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mcture  occurred  is  to  bo  carefully  noted ;  the  diSerenL-e  in 
^o  Bmoiint  of  possible  Aexiire  m  the  two  cases  represeDts  the 
nt  of  hardening  produced. 

10.  Forging  Teat. 

This  test  is  advisable  to  be  used  on  rivet  rods  principally,  and 

I  to   be   made  as   follows:    A  part   of   a   rod  is   brouglit   to   a 

Mir  red  heat  and  then  hammered  by  an  ordinary  hammer  until 

cracks  barely   begin   to  show  at  the  edges  of  the  material.     The 

relative  amount  of  flattening  before  cracks  appear  indicates  the 

_  red  shortness  of  the  material. 

11.  Punching  Teste 

KAre  made  by  measuring  the  width  of  metal  between  the  finished — 
paot   rough   sheared — edge   to  the  near  edge   of  a  punched   hole 
(rhich  is  necessary  to  prevent  splitting  of  the  material,  measured 
Ion  the  punch  side. 

12.  Abrasion  Tests. 

No  recommendations  can  as  yet  be  made  as  to  possible  methods 
br  abrasion  tests  of  rails  or  other  materials  subject  to  surface  wear, 

IX.  Standard  Shapks  of  Test  Pieces. 

1.  Standard  Shapes /or  Tension  Test  Piece. 

Inasmuch  as  a  standard  sbajte,  similar  in  all  essential  particulars 

to  tliat  in  general  use  in  the  United  States,  has  been  adopted  by 

the  conferences  heretofore  mentioned,  it  is  recommended  that  the 

itatne  shape  be  adopted  here,  for  all  scientific  or  standard   tests. 

For  routine  or  practical   work  specimens  having  similar  general 

I'dimensions,  diameter  and  gauged  length,  are  to  be  nsed ;  giving 

I  results  Bufiiciently  comparable  tor  general  purposes.     Specimens 

for  scientific  or  standard  testa  are  to  be  prepared  with  the  greatest 

oare  and  accuracy,  and  turned  according  to  the  following  dimensions, 

intended  to  represent  metrical  dimensions  as  nearly  as  possible, 

,  eight  inches  being  200  mm.  for  all  practlc-Al  purposes  in  this  re- 

I  *pect. 

Tlie  specimens  are  to  be  held  by  true  hearing  on  the  end  shoul- 
derB,  as  all  gripping  or  holding  devices  in  common  nso  produce 
nadesirable  ejects  on  the  cylindrical  part.  These  test  pieces  are 
to  have  diflFereut  diameters,  according  to  original  thickness  of 
material,  and  to  be  exactly  0.4,  0.6,  0.8,  and   1.0  in.  diameter,  bnt 
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for  all  these  different  diameters  the  angle  and  length  of  con 
is  to  remain  as  shown  in  Fig.  28,  diameter  of  larger  end  and  I 
change  directly  in  proportion  to  change  of  diameter.     For  r 
work  the  gauged  length  is  to  be  as  above,  invariably  8  i 
cylindrical  part  is  to  run  into  the  shoulders  by  a  conical  part 
than  a  fillet,  as  is  now  commonly  the  case. 

This  form  is  that  recommended  for  all  metals  except  oop{> 
its  alloys,  for  whicli  no  standard  shape  can  as  yet  be  suggest:. 
experiments  heretofore  made  have  produced  no  definite  res 
this  respect. 

When  rough  bars — as  material  comes  from  the  rolls — are 

r-T-i     I  i  I  I  J_ 


tested,  the  standard  gauged  length  of  8  in.  is  to  be  invariably 
for  measurements  of  strain,  as  heretofore  explained,  and  the  len 
of  specimen  from  gauge  mark  to  nearest  holder  or  shackle  is  to 
not  less  than  one  diameter  of  material  in  ronnd  bars ;  not  less  tl^ 
one  and  one-half  times  the  width  for  flat  specimens  cut  in  str^ 
with  parallel  sides,  and  not  less  than  one  and  one-half  times  t^ 
width  of  side  of  square  bars. 

For  flat  specimens  cut  from  larger  sections  a  milled  shape, 
shown  below.  Fig.  29,  is  the  most  appropriate. 

Shoulders  to  be  ample  for  obtaining  a  full  grip  of  shackles  ^ 
holders. 
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When  specimens  are  cut  from  plates  and  shapes  in  which  th 
thickness  is  fixed,  the  width  is  to  remain  1.2"  up  to  a  maximuc 
thickness  less  than  one  inch.  When  thickness  is  one  inch  or  more 
then  the  specimen  is  to  be  cut  so  as  to  have  a  width  of  0.4  in.  an< 
a  thickness  equal  to  original  thickness  of  material.     When  testinj 
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'^'*  and  eliapee  the  roll  snrface  is  always  to  be  retained,  and 
'^*-«^^te  Bpetimena  cut  from  shapes  are  to  be  bo  selected  that  thev 
'*"^&ent  their  entire  width. 


2.   Compression  Test  /Specimens, 
S^peeimens  for  cotnpreseion  testa  are  to  be  cylinders  two  inches  in 
s*»gtlj  and  ono  inch  in  diameter,  when  nltimate  reeistance  alone  is 

0  \>e  determined.  For  all  other  purposes,  especially  when  elastic 
t'eBtBtHtices  are  to  be  ascertained,  specimens  of  one  inch  diameter 
And  ten  and  twenty  inches  length  are  to  be  used.     Standard  leni^h 

oa  which  strain  is  to  be  measured  is  to  be  8  in.,  as  in  tension  lests. 

In  all  eases,  the  greatest  care  is  to  be  used  in  squaring  the  ends  and 

having  a  perfect  snrface. 

3.  Transverse  Test  Specimens. 

For  transverse  testa,  bars  one  inch  square  and  forty  inches  long 
are  to  be  used,  the  bearing  blocks  or  supports  to  be  exaetiy  thirty- 
sis  inches  apart — centre  to  centre.     For  transverse  teats  of  wood, 

1  sticks  3  inches  wide  and  deep,  being  exactly  square  and  carefully 
planed,  40  inches  long,  36  inches  centre  to  centre  of  bearings,  are 

I     to  Ik  nsed. 

;  For  standard  or  scientific  testa  of  cast  iron,  aiicli  bars  are  to  be 
cat  oat  of  a  casting,  at  least  two  iDches  square,  or  two  and  one- 
ijnarter  inches  in  diameter,  so  as  to  remove  all  chilling  effect.  For 
routine  tests  cast  bars  one  inch  square  may  be  used,  but  all  possible 
precaations  must  be  taken  to  prerent  surface  chilling  and  porosity. 

4.  Torsion  Tests. 
For  torsion  tests  the  cylindrical  specimen  with  square  shoulderB 
"  to  be  avoided,  as  leading  to  constant  error. 

J, 
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r^'^Vo  connected  by  large  fillets,  is  to  be  used ;  see  Fig.  bo. 

""fcis  specimen  is  to  be  held  by  keys  and  keyways  as  shown,  not 
^  than  \  in.  deep,  cut  in  shoulder,  which  has  a  diameter  and 
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length  equal  to  twice  diameter  of  specimen  np  to  one  inch ;  dii 
tance  from  shoulder  to  gauge  marks  is  to  be  not  less  than  on 
diameter.  A  standard  length  between  gauge  marks  is  as  yet  imd< 
termined  and  cannot  as  yet  be  recommended. 

5.  Bending  Tests. 

Specimens  for  bending  tests  are  to  be  flat  strips  with  panll 
sides  and  one  inch  wide.  In  case  of  small  rods,  round  or  fiquac 
not  over  one  inch,  rough  pieces  as  the  material  comes  from  tl 
rolls  are  sufficient. 

6.  MvUijple^  Wddimg^  and  Abrasion  Tests. 

For  these  no  standard  shapes  of  test  piece  can  be  recommende 
Generally  a  piece  of  original  shape  is  sufficient. 
All  of  which  is  respectfully  submitted. 

Gn&  C.  Hennino, 
Reporter  to  the  CofnmiUse, 
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NOTE. 

Tliia  repott,  presented  as  one  of  the  papers  of  tlie  Cinclnnntt  CoDreotion  ot  the 
Socieif,  in  Ma;,  1890,  is  printed  hero  for  circulatloa  aiuoiig  those  interested,  tnd 
^rtlb  ariew  to  elidl  dlHcoHsian  and  BuggeBtlon.  When  Buch  critidBm  has  been 
TeoeiTod  and  considered,  the  report,  nith  appended  diacQBi<ion,  will  be  presented 

lor  icwptsDi*  as  the  final  views  of  tlii'  roinmittni'.  to  receive  the  usual  action  of 
t!iB  Socieij-  upon  reports  of  this  kind. 

Secretary . 
42 
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CCCLXXXI. 

REPORT  OF  COMMITTEE  ON  A  STANDARD  METRO. 
OF  COXDUCTINO  DUTY  TRIALS  OF  PUMPIIT 
ENGINES. 

To  the  American  Society  of  Mechanical  Engineers: 

The  committee  of  five,  who  were  appointed  at  the  Nashrl] 
meeting  of  the  Society,  held  in  May,  1888,  to  determine  npon 
standard  method  of  conducting  duty  trials  of  steam  piunpin 
engines,  have  endeavored  to  carry  out  the  work  intrusted  U 
them,  and  they  beg  leave  to  report  upon  the  same  as  follows : 

1.  The  need  of  a  uniform  system  of  determining  the  perfona- 
ance  of  pumping  engines  is  widely  recognized,  and  it  has  alreadj 
been  commented  upon  at  such  length  in  the  Paper  and  DisciA 
sion  which  led  to  the  appointment  of  the  committee,  that  bx 
little  requires  to  be  added  here.  The  main  objects  to  be  secuieC 
by  the  proposed  standard  method  seem  to  be,  first,  to  estabUah 
for  the  benefit  of  members  of  the  Society,  and  of  others  who  care 
to  use  it,  a  mode  of  determining  the  performance  of  pumping 
engines,  which  may  guide  them  in  making  tests  themselves,  anc 
which,  in  contracts  between  builder  and  purchaser,  may  b 
specified  as  the  mode  to  be  followed  in  determining  whether  o 
not  the  guaranteed  duty  of  the  engine  is  realized ;  and,  seoonc 
to  furnish  a  common  basis  on  which  to  compare  the  eoonom 
of  different  engines. 

2.  The  committee  has  taken  it  for  granted  that  the  scope  of  ii 
work  extends  over  the  whole  field  of  duty  trials,  and  that  it  J 
not  confined  simply  to  devising  a  suitable  method  for  carryin 
on  the  operations  of  making  the  test 

It  requires  only  a  brief  examination  of  the  subject  to  see  thi 
much  of  the  present  variety  of  results  which  are  obtained,  an 
which  it  is  desirable  to  overcome,  is  due  to  the  varied  nature  ( 
the  coal  unit  upon  which  the  duty  is  now  based.  In  the  eas 
ern  section  of  our  country  the  unit  of  "  100  lbs.  of  coal "  ma 
refer  either  to  Cumberland  bituminous  coal  or  to  anthracit 
coal,  and  in  the  middle  or  western  section  to  Pittsburg,  Uli 
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nois,  or  Ohio  bituminous  coaL  In  some  localities  the  fuel  may  be 
petroleum,  natural  gas,  coal  screenings,  tan-bark,  or  sawdust. 
There  is  a  wide  difference  in  the  eyaporatiye  efficiency  of  these 
nrioTis  fuels,  even  when  of  good  quality,  and  di&rences  of  qual- 
ity in  the  same  grade  of  coal  are  the  cause  of  still  greater  di- 
unity.  These  yariations  in  kind  and  quality  of  fuel,  which  are 
i^[nificant  in  no  small  degree,  make  the  old  standard  unfit  either 
ixr  a  commercial  or  a  scientific  b^sis  for  duty  ratings.  It  is  pro- 
posed, therefore,  at  the  outset,  that  the  existiog  unit,  "  100  lbs.  of 
eoal,"  be  abolished,  and  that,  in  its  place,  a  new  basis,  *'  1,000,000 
beat  units,"  be  established.  One  million  heat  units  is  a  quantity 
dlmk  corresponding  to  that  produced  in  the  combustion  of  100 
SiB.  of  coal  which  giyes  out  10,000  heat  units  per  pound,  or 

10000 
tbioh  produces  an  eyaporation  of  q^^-  =  10.355  lb&  of  water 

•TOO.  7 

from  ftnd  at  212  degrees  per  pound  of  fueL  This  eyaporatiye 
i^Bsnlt  is  readily  obtained  from  100  lbs.  of  all  grades  of  Oumbei- 
Iftnd  bituminous  coal,  used  in  horizontal  return  tubular  boilers, 
ttiid,  in  many  cases,  from  100  lbs.  of  the  best  grades  of  anthracite 
^oaL  The  proposed  new  unit  is  thus,  in  resdity,  though  not  in 
i^Ame,  in  close  accord  with  the  existing  unit,  and,  furthermore, 
it  retains  its  numerical  simplicity. 

3.  Considering  that  the  two  processes  by  which  steam  is  gen- 
erated and  used  are  wholly  distinct  and  independent  of  each 
^ter,  there  is  a  natural  line  of  Reparation  between  the  work  of 
fte  boiler  and  that  of  the  engine,  and  it  is  impossible  to  deter- 
ge their  individual  economy  if  treated  as  a  whole.     There  is 
^ason  here  for  separating  the  performance  of  the  engine,  in  the 
Pi'oposed  standard,  from  that  of  the  boilers,  and  this  mode  of 
^dependent  treatment  is  the  one  which  the  committee  recom- 
^^nds.    An  additional  reason  for  this  course  is  found  in  the 
somewhat  extended  practice,  among  those  who  purchase  pump- 
^^  engines,  of  obtaining,  the  boilers  from  independent  builders. 
In  order  that  a  contract  may  be  brought  into  accord  with  this 
Provision,  where  the  complete  plant  is  furnished  by  one  party, 
^t  Would  be  framed  with  two  clauses  relating  to  the  performance, 
^^^  referring  to  the  duty  of  the  engine  proper,  and  the  other 
^'erring  to  the  evaporative  duty  of  the  boilers, 
'i*  Starting  with  a  heat-unit  basis  of  computing  duty,  it  is  pro- 
^^^ed  to  make  the  computation  from  the  quantity  of  heat  sup- 
P^^d  to  the  complete  plant ;  using  not  only  that  supplied  to  the 
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engine  cylinders,  but  that  supplied  to  all  the  accessory  parts 
the  engine,  such  as  the  steam-jackets,  the  donkey  feed-pump,  tl 
indei)endent  air-pump,  if  this  be  driven  with  steam,  and  ai 
other  apparjitus  using  steam  which  is  necessary  to  the  operatio 
of  the  engine.  It  is  recommended  that  the  scope  of  the  test  h 
made  so  broad  that,  for  the  sake  of  completeness,  the  qoantiti 
of  steam  which  passes  through  the  cylinders  of  the  engim 
be  determined  independently  of  that  used  for  other  purposes 
and  likewise,  that  the  quantity  of  steam  used  by  each  accessor] 
part  of  the  engine  be  also  determined.  In  contract  tests,  if  t 
steam-pump  be  used  for  the  boiler  feed  pump,  the  quantity  of  hea 
supplied  for  operating  this  apparatus  is  to  be  included  in  th< 
total  quantity,  not  only  in  cases  where  both  boiler  and  engim 
are  supplied  by  one  party,  but  also  where  the  boiler  is  famishes 
by  a  separate  contractor.  In  this  connection  it  should  be  adde< 
that  if  the  engine  contractor  does  not  furnish  the  boiler  feed 
pump,  he  should  be  permitted  to  s})ecify,  if  he  desires,  the  kin 
of  feeding  apparatus  which  shall  be  used  during  the  test 

The  heat-unit  method  requires  that  the  actual  total  heat  * 
the  steam  shall  be  known,  and  for  this  purpose  allowance  wi 
necessarily  bo  made  for  any  moisture  or  superheat  contained  t 
the  steam  furnished  to  the  engine, 

5.  In  determining  upon  a  suitable  method  of  measuring  tl 
amount  of  work  done,  which  inyolyes  a  measure  of  the  quanti' 
of  water  discharged  into  the  force  main,  the  committee  have  e 
deavored  to  find  one  which  may  be  employed  universally,  ai 
which  may,  in  a  reasonable  manner,  serve  the  ends  of  the  build< 
purchaser,  and  all  interested  parties.  Plunger  displacement  a 
weir  measurement  have  heretofore  been  the  common  means 
ascertaining  the  quantity  of  water  discharged.  The  use  ol 
Yenturi  tube,  so  called,  inserted  in  the  force  main,  has  be 
advocated,  as  also  the  employment  of  nozzles,  or  other  simi! 
means  of  indirect  determination.     [See  Appendix.] 

The  objection  to  the  plunger-displacement  method  is  that, 
account  of  "  slip,"  which,  as  the  committee  understand,  cov< 
all  the  losses  due  to  leakage  of  plunger  and  valves,  to  the  reti 
of  water  through  the  valves  during  the  interval  of  closing,  a 
to  imperfect  filling  of  the  pump,  the  quantity  calculated  is  grea 
than  the  actual  discharge,  and  the  method  does  not  afford, 
contract  tests,  the  protection  to  the  purchaser  which  his  inter 
demands.    The  objection  to  the  indirect  modes  of  measureme 
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u  by  the  use  of  weir,  tube,  or  nozzles,  is  that  tbe  person  making 
lh«  test  mast  educate  himaelf  in  the  nianipulatiou  of  the  appa- 
litna  chosen,  so  as  to  be  himself  assured  of  the  reliability  of  the 
dita;  and,  furthermore,  whether  thus  assured  or  not,  he  must 
Kimpute  the  desired  quantities  by  the  use  of  coefficients,  the 
iKuracy  of  which  he  caunot  himself  verity,  and  which  may  not 
mmitly  apply  to  the  precise  conditions  relating  to  the  individual 
aaein  hand.  There  is  no  method  thus  far  used  or  advocated 
which  is  not  open  to  some  kind  of  objection,  and  the  committee 
ire  obliged  to  recommend  a  course  which,  though  subject  to 
oriticiam,  appears  to  reduce  the  objectionable  features  to  a 
ntnimam. 

It  is  proposed  that  the  plunger-displacement  system  of  meas- 
urement he  employed,  and  that  the  purchaser's  interest  he  pro- 
tected by  the  determination  of  the  amount  of  slip  in  the  pump, 
Botaras  slip  is  produced  by  leakage  of  the  plunger,  which  is 
probably  its  main  factor,  and  leakage  of  valves,  if  this  occurs 
through  faulty  design.  It  may  be  said  that,  if  it  were  not  for 
leaVnge,  tbe  pump  itself,  in  we  11 -construe ted  engines,  would 
indonbtedly  furnish  the  most  reliable  meter  which  could  bs 
hiulof  the  quantity  of  water  discharged,  A  satisfactory  deter- 
'  miii(itii)Q  of  the  approximate  extent  to  which  leakage  occurs 
ilofls  not  present  serious  difficulty. 

In  deciding  upon  plunger  displacement,  accompanied  by  a 
determination  of  the  leakage,  as  the  best  mode  of  measurement 
for  the  purposes  in  view,  the  committee  does  not  for  a  moment 
underrate  the  importance  and  desirability  of  measurement  by 
"^ir.  tube,  or  nozzle,  whenever  either  of  these  can  be  employed 
•o  advantage.  It  is  strongly  recommended  that  these  additional 
""eaanrements  be  undertaken  in  all  cases  where  it  is  practicable 
'^  flo  so,  that  the  results  of  the  test  maybe  supplemented  by, 
'«e  additional  data  thus  obtained,     [See  Appendix.] 

6-  In  determining  the  quantity  of  work  done  by  the  pump,  the 
'~*niniittee  recommends  that  tbe  work  of  overcoming  the  friction 
the  water  in  passing  through  the  passages  and  valves  in  the 
"^ftip  should  not  be  included  in  the  desired  total ;  but  that  the 
^^k  expended  in  friction  of  both  the  force  and  suction  mains 
^  included  in  that  on  which  tbe  duty  is  computed.  It  is  beld 
^^t  the  efficiency  of  the  engine  should  not  be  made  dependent 
"^t^on  any  condition  which  is  foreign  to  itself,  and  that  the  builder 
'*   the  engine  should  be  held  responsible  only  for  the  work  done 
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from  the  time  when  the  water  enters  the  pump  to  the  time  ^^^^? 
it  leaves  it.    The  purchaser,  it  should  be  observed,  should  gua^^ 
his  interest  in  the  matter  by  having  the  mains  furnished  of  sue?* 
capacity  as  to  reduce  their  friction  to  a  minimum. 

To  carry  out  these  provisions,  the  data  to  be  determined,  apart 
from  that  relating  to  the  plunger  displacement,  are  the  indication 
of  a  pressure  gauge  attached  to  the  force  main,  that  of  a  vacuum 
gauge  attached  to  the  suction  main,  and  the  vertical  distance 
between  the  centres  of  the  two  gauges. 

It  is  recommended  that  no  air  be  allowed  to  enter  the  pump 
cylinders  during  the  progress  of  the  test,  thereby  removing  all 
possibility  of  imperfect  filling.  If  it  is  necessary,  in  special 
cases,  for  air  to  be  "snifted  in,"  this  should  be  regarded  as  a 
defect  in  the  action  of  the  pump,  which  should  be  noted  by  the 
expert  in  his  report,  and  such  allowance  should  be  made  for  the 
imperfect  filling,  due  to  the  presence  of  air,  as  may  be  deter- 
mined upon  by  an  examination  of  the  indicator  diagrams  taken 
from  the  pump  cylinders,  or  from  other  data  which  may  be 
secured. 

7.  The  necessary  data  having  been  obtained  in  accordance 
with  these  recommendations,  the  duty  of  an  engine,  and  other 
quantities  relating  to  its  performance,  may  be  computed  by  the 
use  of  the  following  formulae : 

^    T^  *  Foot  pounds  of  work  done  ^  ^^^  ^^- 

1.  Duty  =  : . *-  -        — ; X  1,000,000 

1  otal  number  of  heal  units  consumed 

= ^_     ' X  1,000,000  (foot  poundh). 

II 

C  X  144 

2.  Percentage   of    leakage  =  -z =: ^  x  100  (per  cent.). 

3.  Capacity  =  number  of  gallons  of  water  discharged  in  24  hours 

_  A  X  L  X  Nx  7.4805  x  24 
i>  X  144 

A  X  L  X  JS'  X  1.24675 ,     ,,       , 
= ^ (gallons). 

4.  Percentage  of  total  frictions 

rrrrp         A(P±p  +  8)xLx  N"^ 

=  i>  X  60  X  88.000  ,^ 

L  TST. J  ^  ^^ 

_  r.  A{P±p  +  s)xLxIf-]     ,^,_ 

=  L^  -  As  X  M.E.P.  X  L.  X  I^.  1  ^  ^^<P^^  ^^^•)^ 


REPORT   ON   DUTY  TRIALS   OF   PCMPING   EKGINES.  659 

or.  in  the  usual  caae,  where  the  Itiigtti  of  the  alrohe  and  aambur  of 

strokes  of  tbe  plunger  are  t)]e  Mme  as  that  of  the  iiteaia-pi»toa,  tbiB 
last  formula  becomes: 

_A(P±p± 


Percentage  of  total  frictiona  = 


lf.i,-.P.J 


lflO(peri 


It.). 


In  these  fonnuls,  the  lettera  refer  to  ibe  following  ijuanlllies  : 

A  =  Area,  in  sqaure  Ittcliea,  of  pump  plua;-er  or  pisioc,  corrected  for 

area  of  pieton-md.     (When  one  rod  is  uaed  at  one  end  onlr, 

the  correction  is   one-half  the  area  of  the  riid.      If  there  is 

mor«  than  one  rod,  the  correction  la  muliiplied  accordingly.) 

P  =  Preaaore,  in  ponnde  per  square  iucb,  indicated  bv  the  gau(,'e  on 

the  force  main. 
p  =  Pressure,  in  pounds  per  sqnsre  incli,  corresponding  to  indica- 
tion of  the  vacnnm  gauge  on  anclion  main  (or  preesure  gauge, 
If  tbe  SDClton  pipe  is  under  a  head).  The  indicatiun  of  the 
TBcuum  gauge,  in  inches  of  mercury,  may  be  converted  inio 
pounds  liy  diTidiog  it  by  2.035. 
I  =  Prestiure,  in  pounds  per  equare  Inch,  corresponding  to  distance 
between  tbe  ceiitrea  of  tbe  two  gangoa.  The  corapiitaiion  for 
this  pressure  la  made  by  multiplving  tbe  distance,  eipr«eHed 
to  feel,  by  tbe  weigbt  of  one  cubic  fool  of  water  at  the  tem- 
peratnre  ol  the  ptunp  nell,  and  dividing  the  product  by  144  ; 
or  by  multiplying  the  distance  in  feet  by  tbe  appropriate 
qnuntiiy,  found  iti  the  followiug  table.  Tlio  quantities  in  this 
table  are  coniputcd  from  the  weights  of  one  cubic  foot  of 
water  at  tbe  various  torn  peral urea,  as  given  by  O.  K.  Clark  in 
bis  RuUs  (fnrf  Tir'itta.  whiL^li  also  correspond  lo  Charles  T. 
Porter's  Sgures,  in  bis  work  on  the  Btehards'  Steam-Engine 
Indicator. 


Temneratiire 

Temperalore 

orWat^^ia  Pump 

Weight  ol  1  en.  rL 

of  Water  lo  Putnp 

Weight  of  1  cu.  ft. 

ofWster 

of  Water 

divided  bj  144. 

divided  bj  144. 

DeS.  Kahr. 

Deg.  Fshr. 

82 

.4335 

75 

.4825 

85 

.4a^5 

80 

4822 

40 

.48;i5 

85 

4810 

4S 

.4334 

90 

4H15 

60 

.4333 

95 

4311 

65 

.4333 

100 

4307 

60 

.4831 

IDS 

4803 

6S 

.4329 

110 

42S8 

70 

.4327 

=  Average  length  of  stroke  of  pump  plunger,  in  feet. 

=  Total  number  of  single  strokes  of  pump  plunger  made  during 

the  trial. 
=  Area  of  steam -cylinder,  in  square  Indies,  corrected  for  area  of 

pistin-rod.     The  quantity,  A,  x  M.E.P.  in  an  engine  having 


660  REPORT  ON   DUTY   TRIALS   OF  PUMPING  ENOINKS. 

more  than  one  cylinder,  is  the  sum  of  the  varions  qoantitiei 
relating  to  tlie  res|)ectiye  cylindera. 
Ln  —  AvertLfre  length  of  stroke  of  steam-plhton,  in  feet. 
JV'm  =  Total  number  of  single  strokes  of  steam-piston  daring  trial. 
Jf.  K.P.  =  Average  mean  effectiye  pressure,  in  poands  iier  square  inch, 
measured  from  the  indicator  diagrams  taken  from  the  steam- 
cylinder. 
I.n.P.-=  Indicated  horse-power  developed  by  the  steam-cylinder. 
C  =  Total  number  of  cubic  feet  of  water  which  leaked  by  the  pump 
plunger  during  the  trial,  estimated  from  the  results  of  the 
leakage  test. 
D  =  Duration  of  trial,  in  hourn. 

if  =  Total  number  of  heat  units  \B,T,U,'\  consumed   by  engine  = 
weight  of  water  bupplied  to  boiler  by  main  feed-pump  x  total 
heat  of  steam  of  boiler  pressure  reckoned  from  temperature  of 
main  feed- water  +  weight  of  water  supplied  by  jacket-pamp 
X  total  heat  of  steam  of  laoiler  pressure  reckoned  from  tem- 
perature of  jacket-water  +  weight  of  any  other  water  supplied 
X  total  heat  of    steam   reckoned   from   its   temperatuie  of 
supply.     The  tot^  heat  of  the  steam  is  corrected  for  the 
moiKture  or  superheat  which  the  steam  may  contain.     For 
moisture,  the  correction  is  subtracted,  and  is  found  by  mnlti- 
plying   tlie  latent  heat  of  the  steam  by  the  percentage  of 
moisturf,  and  dividing  the  product  by  100.    For  superheat, 
the  correction  is  added,  and  is  found  by  multiplying'  the  num- 
ber of  degrees  of  superheating  {i.e.,  the  excess  of  the  tempera- 
ture of  the  steam  above  the  normal  temperature  of  saturated 
stcom)  l)y  0.48.     No  allowance  is  made  for  heat  added  to  the 
feed- water,  whicli   is  derived   from  any  source,  except  the 
engine  or  some  accessory  of  the  engine.    Heat  added  to  the 
water  by  tlie  use  of  a  flue  heater  at  the  boiler  is  not  to  be 
deducted.    Should  heat  be  abstracted  from  the  flue  by  means 
of  a  steam  reheat er  connected  with  the  intermediate  receiver 
of  the  engine,  this  heat  most  be  incladed  in  the  total  quantity 
supplied  by  tlie  boiler. 
The  total  and  latent  heats  may  be  found  by  reference  to  the  Tables  of 
the  Proi)erties  of  Saturated  Stt^am,  given  In  Table  No.  1  of  the  Appen- 
dix.    The  quantities  of  heat  contained  in  one  pound  of  water  atyarions 
temperatures  are  o])pended  iu  Table  No.  2.     These  Tables  are  copied 
from    Charles  T.    Porter's    treatise    on   the  Biehard9*  Stenm-Engine 
Iiidimtor.     The   ]>ressurcs  here  given  are  reckoned  from    zero.     To 
convert  the  ^niige  pressure  to  that  referred  to  as  the  zero  basis,  the 
barometric  ]>rcssure  is  to  be  added  to  the  corrected  indications  of  the 
gauge.     When  the  barometer  indicates  29.92  inches,  the  pressure  to  be 
added   is  14.7  lbs.   per  square  inch.     For  other  indications  of   the 
baronicti*r,  the  corresponding  pressure  may  be  found  by  using  the  mul- 
tiplier 0.491. 

The  following  examples  are  given  to  illodtrate  the  method  of 
computation.    The  figures  are  not  obtained  from  tests  actually 
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made,  but  they  correspond  in  round  numbers  with  those  which 
were  so  obtained  : 

Pira  Example.— Compoaiii  tandoui  (iirecl-ncting  rluplei  en^e. 
Botli  high -preaa lire  and  low-pressure  cylinders  jacketed  wilh  live 
steam.  Jel  cnndenser  used,  with  air-punip  driven  bj  niiln  engine. 
Boiler  teed-pu'up  also  driven  bj  maui  engine.  Jacket  water  retarned 
to  boiler  by  (r"'''?-     Main  supplr  of  tted-inUr  dranii  from  hot  well. 

DIMBHSIOKS. 


Diameter  □(  eacli  high-presanre  cylinder  (tfvo) IS    InB. 

Diameter  of  each  low-preeaure  -cylinder  (two) BO       " 

Diameter  of   piston-rod.   eaub   cylinder  (ooe  at  each 

end  liigli-presaure,  two  at  one  end  low-pressure). . ,  8,G  " 

Diameter  of  pump  pluugern  (iwo) 15      " 

Diami-terof  plHtOD-rod,  each  plunger  (one  at  nne  end]     8.S  " 
Nominal  Btrnke 16      " 


1.  Duration  of  teat  {B) 13  hm. 

2.  Boiler  preHHiire  liy  gauge  (bammetric  prosBure 

14.7  lbs. ) 190  11». 

8.  Temperature  of  water  in  pnmp  well 80' 

i.  Temperature  of  main  r-apply  of  feed-n 

5.  Temperature  of  jacket  water 880" 

6.  Petcentoge  of  moisture  in  nteam Of 

7.  Wpigbt  of  water  anppli«d   to  boiler  by  main 

feed-pQinp 23,400  Iba. 

8.  Weight  uf  water  supplied  to  boiler  b;  jacketa.  3,660     " 

DATA   HKLATIMO   TO   WORK  OT  PUUP. 

0.  Areanf  plunger  minus  J  aiea  of  rod  (^).        171.9      eq.  iuB. 

10.  Average  length  of  stroke  {L  and  £,). . .  1.573  ft, 

11.  Total  number  ol  single  strokes  dating 

trial  (JVand  if,) 76,000 

13.  Pressure  by  gauge  on  force  main  {P). . .        100  Iba. 

13.  Vacuum  by  gauge  on  suctiou  main...  9.8       Ine. 

14.  PreBBure    correB[ionding    to     vacuniu 

given  in  preceding  line  (p)   4.67    lbs. 

15.  Vertical  distance  between  gauges 8  ft, 

16.  Pressure     corresponding    to    distance 

given  in  preceding  line  («) 8.46    Iba, 

17.  Volume  of  waterwUlcli  leaked  through 

the  plungers  computed  from  results 

of  leakage  teat  (0) 5,900  en.  ft. 

DATA  RELATING  TO  WORK  OF  BTEAU-CTUHDBIU. 

18.  Area    of    high-pressure   piston   mlr.us 

area  of  one  rod  (J„) 167.09    sq,  ins. 
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19.  Mean  effective  pressure  bigh-pressure 

cylinder  (M.  E.P.i) .' 61 . 81    lbs. 

20.  Area  of    low-pressure  piston   minns  k 

area  of  two  rods  (.^«,) 697.24    sq.  ins. 

21.  Mean   effective    pressure   low-pressure 

cylinder  (if.^.P.J 13.72     lbs. 

22.  Number  of  double  strokes  eacb   side 

per  minute 26.89 

23.  Indicated    borse-power    developed    by 

steam-cylinders 99.61     I.H.P. 

24.  Feed- water    consumed    per    indicated 

borse-power  per  bour 20.88     lbs. 

25.  Heat    units    consumed    per    indicated 

borse-power  per  hour 28,008  B.T.U. 

=  383  B.T.U.  per  minute. 

TOTAL  HEAT  OF  STB  AM  RECKONED  FROM  THE  VARIOUS  TEMFEBATURB8 
OF  FEED-WATER  AND  COMPUTATIONS  BASED  THBRBON. 

26.  Total  beat  of  1  lb.  of  dry  steam  at  120 

lbs.  gauge  pressure  reckoned  from 

0°Fabr 1,220.6  B.T.U. 

27.  Ditto,  reclioned  from  temperature  of 

main  feed-water  (100") 1,120.5 

28.  Ditto,  reckoned  from  temperature  of 

jacket-water  (280") 938.5 

29.  Heat  consumed  by  engine  {ff)  (22,400 

X  1120.5)  +  (2560  X  938.5) 27,501,760 


<< 


<< 


<< 


RESULTS. 

Substituting  tbese  quantities  in  the  formuliB,  we  have  : 

1.  Duty  =   no  X  (li^  ^  Jl  -y.^)  X  1.^72  x  76^  ^  i,000,000 

27,501,760 

=  80,671,602  foot  pounds. 

C 

2.  Percentage  of  leakage  =  —       6,900  x  144  x  lOO  =  ^A%, 

171.9  X  1.572  X  76,000 

3.  Capacity  =    I7I9  x  1.^72  x  A  x  1.24675 

12 

=  2,183.785  gallons. 

4.  Percentage  of  total  frictions 

A  P 


(167 
=  9.4^. 


A         P       p       *        n 

171.9  X  (100+4.57  +  3.46) 

9,       M,E.t*,^       Ati     M,E,P.%    I 

.09  X  61.31)  -f  (697.24  x  13.72)  _J 


J~  JLT   L^    U  T.  If  X?   1>  -       I    X    100 
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Serottd  Example.— Compound  fly-wheel  engine.  HigU-preSBure  cylin- 
der jatiki-ted  with  live  Btonm  from  the  boiler.  Low-pressure  cylinder 
jacketed  with  eteam  from  the  intennedlatd  receiver,  the  condeDfied 
wftier  from  which  Is  returned  to  the  boiler  by  means  of  a  pump 
operated  by  the  engini;.  Matu  steam-pipe  fitted  wiih  a  separator.  The 
Intermediate  receiTer  provided  with  a  rehealer  supplied  with  boiler 
eleam.  Water  drained  from  liigh- pressure  jacket,  separator,  nnd  re- 
heater,  collected  in  a  closed  taok  under  boiler  pressure,  and  from  thia 
point  fed  lo  the  boiler  direct  by  an  independent  Btoani-pump.  Jet 
condeDser  used  operated  by  an  independent  air-pump.  Main  supply 
of  feed-water  drawu  from  hot  well  and  fed  to  the  boUer  by  donkey 
Htcam-pump,  wliicii  dischargea  through  a  Tecd-watet  healer.  All  tlie 
steam-pumpa,  together  with  the  Sndepeudent  air-pump,  exhaust  through 
'he  beater  to  the  atmosphere. 

DIKBHSIONS. 

Diameter  of  high-pressure  steaoi -cylinder  (oue) 30  ins, 

Diameter  of  low-pressure  steam-cylinder  (one) 40    " 

DianiBter  of  plunger  (one) 20    " 

Diameter  of  each  pislon-rod 4    " 

Stroke  of  steam -pialo us  and  pump  plunger 3  ft, 

(       1.  Duration  of  trial  (Z)) 10    hr». 

8.  Boiler  prepsure  indicated  liy  gatige  (baro- 
metric prefBure,  14.7  lbs.). 120    lbs. 

8.  Temperature  of  water  in  pump  well flO" 

4.  Tamper  a  til  re   of  wiiter   supplied   to  boiler 

by  main  feed-pnmp,  leaving  healer 215" 

5.  Temperatnre   of   water    supplied   by   low- 

presBure  Jacket  pump 22S° 

8.  Temperature  of  water  supplied  by  high- 
pressure  jacket,  separator,  and  reheater 
pump,  that  derived  from  separator  being 
840°,  and  that  from  jack  eta  380° 800° 

7.  Weight  of  water  supplied  to  boiler  by  main 

feed-pump 18,868    lbs. 

8.  Weight  of  water  supplied  by  low-pressure 

jacket  pump 615       " 

9.  Weight  of   water   supplied  by   pnmp   for 

high-pressure  jacket,  separator,  and  re- 
heater  tank,  ol  which  SIO  lbs.  is  derived 
from  separator, 1,025       " 

10.  Total  weight  of  feed-water  supplied  from 

allsources 20,508       " 

11.  Percentage  of  moisture  in  steam  after  leav- 

ing separator l.Slf 

DATA  RKLATIHO  TO  WORK  OF  PUMP. 

12.  Area  of  plunger  minna  i  area  ol  piston- 

rod  (^) 807.88    aq.  ins. 

13.  Average  length  of  stroke  (Land  I'l)...  8  ft. 
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14.  Total  number  of  single  strokes  during 

trial  (iV^ and  J>/,)..\ 24,000 

15.  Pressure  by  gauge  on  force  main  (P). . .  95  lbs. 
10.  Vacuum  by  gauge  on  suction  main  ....            7.5       ins. 

17.  Pressure  corresponding  to  vacuum  given 

in  preceding  line  (p) 3.69     lbs. 

18.  Vertical    distance    between  centres  of 

two  gauges 10  ft. 

19.  Pressure  equivalent  to  distance  between 

two  ga ugps  (») 4 . 88     Ibp. 

20.  Total   leakagH   of    pump   during   trial, 

determined  from  results  of  leakage 

test  (C) 8,078  CO.  ft. 

21.  Number  of  double  strokes  of  pump  per 

minute 20 

22.  Mean  effective  pressure  measured  from 

pump  diagrams 105  lbs. 

23.  Indicated  borpe-power  exerted  in  pump 

cylinders 117  56     I.H.P. 

DATA  RELATING  TO  WORK   OF  STEAM-CYLINDEKS. 

2i.   Area  of  bigh- pressure  piston  minus  f 

area  of  rod  (Asi) 807.88    sq.  ids. 

25.  Area  of  low-pressure  piston  miuus  \ 

art  a  of  rod  (^«2) 1,250.36 

26.  Average  lengtb  of  stroke,  each 8  ft. 

27.  Mean  effective  pres.'^ure  measured  from 

high-pressure  diagrams  (ATA'.P.i )..  59.25     lbs.   . 

28.  Mean  effective  pressure  meai<ured  from 

low-pressure  diagrams  {M,E.P.2  ). . .  18.60        ** 

29.  Number  of  double  strokes  per  minute 

(line  21) 20 

30.  Indicated    borse-power    developed    by 

high-pressure  cylinder 66.88     I.H.P. 

31.  Indicated    horsepower    developed    by 

low-pressure  cylinder 61.82  ** 

32.  Indicated    horse-power    developed    by 

both  cylinders 128.15 

33.  Feed-water  consumed  by  plant  per  in- 

dicated horse-power  per  hour,  cor- 
rected for  separator  water  and  for 
moi.-ture  in  hteam 15.60    Ibp. 

34.  Number  of   beat   units  consumed   per 

indicated  horse-power  per  hour 15,652.1      B.T.U. 

35.  Number  of  beat   units  consumed  per 

indicated  horse-power  per  minute. . .        260.9 


i< 


TOTAL  HEAT  OF  STEAM  RECKONED  FROM  THE  VARIOUS  TEM- 
PER ATURE8  OF  FEED- WATER  AND  COMPUTATIONS 
BASED      THEHEON. 

36.  Total  bent  of  1  11).  of  steam  at  120  lbs. 
gauge   pressure,  containing  1.5^  of 
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iDoiBlnre,  retkoned  from  0"  Fiihr.  = 

1.330.e-(l..'iS  <•{  806.7) 1,307.6   B.T.L". 

37,  Ditto,  irckaned  from  31 5%  temperature 
of  main  feed-wntet  =  1,307.6  - 
ai8.9 981.7 

36.  Ditto,  reckoned  from  S35',  tempfrature 
of  Inw-prefsiiri'  jackt-t  water  = 
1,207.8-23(1.1 B81..t 

89.  Diito.  reckorpd  from  3B0'',  terapetB. 
lure  of  high -pressure  JRckei  aud 
reliealer  water  =  1,307.8  —  393.3  . . .  813.3 

40.  Beat  nf  separator  water  reckoned  from 

340^  =  333.9-343.8 10.1 

41.  Heat  conaumed  bj  engine  (fl)  =  (18.8«;i 

>;  991.7)  +  (81.^  X  981  fi)   +   (815   >. 
915  3)  +  (310  X  10,1) 3^058.150 

Sabaiitattng  Ibese  quoniities  iu  the  formolie,  we  havo; 
A         P       p  »       L       N 

807.88x(Q5-)-  3.69  +  4.33)  x  3x34,000 

1.  Dut7= — X  1,000,000 

}I 
30,058,150 

=  118,8B.'{,044  foot  ponods. 
C 
SM78  X  144 

2.  Psrcentage  of  leakage  = xl00  =  2.0^ 

A      -    L       N 
807.88  X  3  X  24,000 

A      L     y 

„    ,.        ..  307.88x3x34,000x1.34675 


r  A      p     p      .         -| 

307.88  X  (95  -^  3.69  +  4.331 
~       '  ~      A,i  M.B.P.t  An  M.E.P.2         " 

r  L        (307.88    X    69.35)    +    (1350.36    x    13.6)      _| 


8.  The  method  to  be  followed  in  conducting  the  boiler  teat 
which  is  recommended  ia  the  atandard  mode  determined  upon  by 
the  Society'a  Committee  on  Boiler  Trials.*  It  is  suggested  that 
the  results  of  the  boiler  teat  be  expressed,  not  only  in  terms  of 
the  numlier  of  pounds  of  water  evaporated  per  pound  of  coal,  in 

•Vol.  VI.,  p.  367,  2V 
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the  customary  manner,  but  also  in  terms  of  the  number  of  ponna 
of  coal  required  to  generate  1,000,000  heat  units,  so  that  a  Bim 
pie  calculation  may  determine  the  duty  of  the  engine^  if  desire 
on  the  basis  of  100  lbs.  of  the  coal  actually  used. 

9.  In  order  that  the  contract  between  builder  and  purchas 
of  a  pumping  engine  may  conform  to  the  proposed  standard,  ti 
guarantee  as  to  performance  should  be  expressed  in  the  folloK 
ing  terms : 

1.  The  engine  etliall  perform  a  duty,  based  upon  plunger  displ^ 

ment,  equivalent  to  not  less  than foot  pounds  of  work  for  e— 

one  million  heat  units  consumed. 

2.  The  leakage  of  the  pump  shall  not  exceed. . .  .per  cent,  of  the  i^ 
plunger  displacement,  when  the  engine  is  working  at  its  rated  capa^ 

8.  The  boiler  nhall  supply  one  million  heat  units  to  the  engme  o 

consumption  of pounds  of. . .  .coal,  or  it  shall  eyaporate  not  1 

than pounds  of  water  from  and  at  212  degrees  per  pound  of   t 

combustible  portion  of  the  coal  named. 

4.  The  mode  of  determining  these  quantities  is  to  conform  to  tb 
standard  method  of  conducting  duty  trials  recommended  by  the  Conj 
mittee  of  the  American  Society  of  Mechanical  Engineers. 

Should  one  contractor  furnish  the  engine,  and  another  th 
boiler,  separate  guarantees  will  be  made,  the  individual  require 
ments  of  which  are  the  same  as  those  noted. 

It  is  desirable,  where  both  parties  concur  therein,  to  introduc 
into  the  contract  the  following  additional  provision  regardii 
friction,  viz.  : 

''Tha  fricfcion  of  the  engine  phall  not  exceed. ..  .per  cent,  of  tl 
indicated  power  developed  in  the  steam-cylinderp.'* 

10.  Having  thus  far  noted  the  main  principles  which  hai 
been  followed,  and  having  pointed  out  the  various  steps  by  whic 
the  results  of  a  test  are  computed,  the  committee  now  beg  1 
submit,  in  the  following  pages,  the  full  particulars  regarding  tl 
standard  method  of  conducting  duty  trials  which  they  re 
ommend. 

The  general  mode  of  operation  is  to  first  subject  the  plant  i 
a  preliminary  run  under  the  working  conditions,  for  the  purpoj 
of  determining  the  temperature  of  the  feed-water,  or  the  seven 
temperatures  where  there  is  more  than  one  supply.  It  is  usual] 
impracticable  to  weigh  the  main  supply  of  water,  derived,  as 
generally  is,  from  a  low-placed  hot  well,  and  the  test  of  the  mai 
quantity  of  feed-water  used  must,  as  a  rule,  be  made  with  col 
water  drawn  from  the  service  main.  The  changed  conditions  i 
the  working  of  the  plant  thus  introduced,  and  the  arrangemei 
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0/  apparatus  which  is  frequently  needed  to  measure  the  ad- 
I  ditional  supplies  of  feed-water,  make  it  desirable  to  obtain  the 
I  TorJuDg  temperatures  as  a  preliminary  to  the  main  duty  triaL 
I  Hence  the  preliminary  run  is  made,  as  noted,  merely  for  securing 
'  fie  temperatures.  The  main  test  of  the  boiler  and  engine  is  then 
Mrried  forward,  and  during  this  test  the  weights  of  the  various 
snpplies  of  feed-water  are  determined,  aud  the  remaining  data 
Deeded  for  making  the  computations.  Finally,  as  soon  as  practi- 
cable after  these  tests  are  completed,  the  rate  of  leakage  through 
me  pump  is  meaaured,  with  the  engine  at  rest 

As  to  the  duration  of  the  test,  it  appears  to  the  committee 
that,  so  far  as  the  main  trial  is  concerned,  which  is  practically  a 
feed-water  test,  it  need  not  bo  prolonged  more  than  ten  hoars, 
unless,  in  that  time,  appreciable  errors  should  be  produced  by 
inaccuracies  in  the  observations  of  tlie  height  of  water  in  the 
gauge  glass.  The  duration  of  the  boiler  trial  might,  witli  good 
reason,  be  made  longer,  were  it  not  that  the  results  of  the  boiler 
test  are  independent  of  those  of  the  duty  trial.  It  is  desirable 
to  reduce,  if  possible,  the  number  of  hours  of  the  trial  to  such  a 
point  tbat  the  time  expended  upon  the  work,  including  that  re- 
quired in  preparation  for  the  beginning  of  the  test,  and  that 
^pent  iu  bringing  the  test  to  a  close,  shall  bi?  such  that  the  Kiinie 
sspert,  without  undue  physical  exertion,  may  have  the  teat  under 
•^s  continuous  supervision  from  beginning  to  end.  This  is  fea- 
**oJe  where  the  length  of  the  duty  trial,  according  to  the  plan 
P^'oposed,  does  not  exceed  ten  hours. 

Sliortly  after  the  committee  were  appointed  several  pumping- 
^igine  manufacturers  were  asked  to  submit  their  ideas  as  to  the 
l>eat  form  of  standard  to  use.  The  committee  take  pleasure  in 
^'^tnowledging  the  receipt  of  suggestions  from  the  Davidson 
"team  Pump  Company,  the  Deane  Steam  Pump  Company,  the 
■Holly  Manufacturing  Company,  and  the  Gteorge  F.  Blake  Mana- 
lacturing  Company,  the  three  last  named  having  given  full  ex- 
P^'esaion  to  their  views  upon  the  subject, 
KespectfuUy  submitted, 

Geo.  H.  Babbus,  "1 

A.  F.  Naqle, 

EDwra  Reynolds,  I  Committee. 

3.  J.  DE  Kinder, 

J.  S.  Coon, 
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STANDARD  METHOD  OF  CONDUCTING  DUTY  TRIAXa 

1.   TEST  OF  PEED-WATEIt  TEMPERATUKEB. 

The  pl&nt,  is  subjected  to  a  preliminary  run,  under  the  condi- 
tions determiced  upon  for  the  teat,  for  a  period  of  three  hours, 
or  such  a  time  as  is  necessary  to  find  the  temperature  of  the 
feed-water  (or  the  several  temperatures,  if  there  is  more  than 

B  supply)  for  use  in  the  calculation  of  the  duty.  During  this 
test  observations  of  the  temperature  are  made  every  fifteen  min- 
utes. Frequent  observations  are  also  made  of  the  speed,  length 
of  stroke,  indication  of  water-pressure  gauges,  and  other  instm- 
ments,  80  as  to  have  a  record  of  the  general  conditions  under  -I 
which  this  test  is  made. 


DtBECTIOHS  FUB  OBTAIMIRG  FKSD-WATEH  TEMPKBATURKB. 

When  tlie  feid-watpr  is  all  BOpplled  by  one  feedlnjf  InHtrament 
If m|ierat are  lo  be  found  is  that  of  thn  wnter  in  the  feed. pipe  new 
poini  wlieri!  it  eiii.f  rs  the  bolter.  If  tlie  water  is  fed  b;  an  injector  thin 
teniperHtare  is  to  be  correcled  lor  tbe  beat  added  lo  tlie 
injector,  Hiid  for  this  purpo:^e  tbe  temperaturesof  ibe  water  eulering 
and  o(  tliat  leiiving-  tbe  injector  arc  both  ubwrved.  If  tbe  water  does 
not  paBB  ibriiugb  a  beater  on  its  way  to  the  boiler  (tbat  If,  tbaC  form  of 
beater  which  depends  upon  tlie  rejected  heat  of  tiie  engine,  such  as 
tliBt  comaiiied  in  tlie  exbaust  aieam  eitber  of  the  tuain  cylinders  or  of 
the  aaxiliary  pnmps)  it  is  aufflcient,  for  practical  purposeB,  to  take  tha  4 
temperature  of  the  waier  at  the  source  of  supply,  whether  the  feedinjf  ] 
instrument  is  a  pump  or  an  injector. 

Wben  there  are  two  independent  sources  of  feed-waler  eupply.  one 
Jiipply  from  tbe  hot  well,  or  from  some  otber  source,  and  tbe 
other  an  eusiliary  supply  derived  from  the  water  condensed  in  tbe 
JBchets  of  tbe  main  eiiKine  and  in  the  live-sleam  rebeater.  if  one  be 
,  they  are  to  be  treated  independently.  Tlie  remarks  already 
made  apply  to  tlie  Grst.  or  main,  supply.  Tbe  temperature  of  the  aux- 
iliary supply,  if  i^arried  by  an  independent  pipe  either  direct  to  the 
boiler  or  to  tbe  main  feed-pipe  near  the  boiler,  ia  to  be  taken  at  a  con- 
venient point  in  Ibe  independent  pipe. 

When  B  separator  is  used  in  tlie  uinir 
discbarg  ra    ed  w  ck 


Mg 


tam-pipe,  arranged  so  u  to 
the  boiler  by  gravity,  no 
f  tbe  water  thus  remrned. 
here  lo  waste,  to  the  hot 
9  to  he  determined  at  tbe 
or  before   lis   pressure  ie 
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"V^'lien  a  separator  ia  med.  and  it  drnins  b;  gravity  Into  the  jncket 
^*-*»l!,  this  lank  being  subjected  to  boiler  preesure,  the  temperatures  o( 
•■"^^  Beparalor  water  and  jiicfeel  water  are  eaeli  to  be  taken  before  their 
^«*\  mace  to  tlie  tank. 

tSli-'uld  there  be  any  other  indepeDdent  nupply  of  water,  the  lemper- 
•■*-Mreof  that  is  also  to  be  lakeD  ou  this  prelimiiiary  test. 

DIHECfnONa  FOB  MEA8DREMEST  OF  FEED-WATEB. 

*^*c»D  as  the  feed-water  temperatures  have  been  obtained 
S^Xie  is  stopped,  and  the  necessary  apparatus  arranged  for 
Hxiing  the  weight  of  the  feed-water  consumed,  or  of  the 
^  sappliea  of  feed-water,  if  there  is  more  than  one. 

Id  order  that  the  luuin  supply  of  feed-water  may  be  meaanred,  it  will 
geaenilly  bi;  found  dealrable  to  draw  it  from  the  cold-water  service 
main.  The  beat  form  of  apparatus  for  n'eiahing  tlie  water  coDsista  of 
two  tanlis,  one  of  which  rt-sts  upon  a  platform  scale  Bupponed  by 
staging,  while  the  other  is  placed  underneath.  The  water  is  drawn 
from  the  service  main  into  the  upper  lank,  where  it  is  weighed,  and  it 
iE  then  emptied  into  the  lowpr  tank.  The  lower  tank  serves  as  a 
reservoir,  and  to  this  tlie   ea<^tion-pipe  of    the   feeding  apparatus   is 


The  jacket  water  may  be  measured  by  using  a  pair  of  small  barrels, 
one  being  tilled  while  the  other  is  being  weighed  and  emptied.  This 
wnter,  After  beiug  measured,  may  be  thrown  away,  the  loan  being  made 
np  by  the  main  feed-pump.  To  prereot  evaporation  trom  the  water, 
and  consequent  Iobb  un  account  of  its  highly  heated  condition,  each 
barrel  should  be  partially  filled  with  cold  water  preTioun  to  axing  it  for 
collecting  the  jacket  water,  and  tlie  weight  of  This  water  treflted  as  tsre. 

When  the  jacltet  water  drains  back  by  gravity  to  the  boiler,  waste  ot 
live  steam  dniing  the  weighing  should  be  prevented  by  providing  a 
small  vertical  chamber,  and  conducting  the  water  into  t 
receptacle  before  its  escape.  A  glass  water-gunge  ia  attached, 
so  as  to  show  the  height  of  water  inside  the  chamber,  and 
this  serves  as  a  guide  in  regulating  the  discharge  valve.  T 
cliamher  may  be  made  of  piping  in  the  manner  ehown  in 
appended  figure  (108). 

^^'hen  the  jacket  water  is  returned  to  the  boiler  by  mei 
of  a  pump,  the  discharge  valve  should  be  throttled  during 
the  lest,  BO  that  the  pump  may  work  against  its  usual  press- 
iire— that  ie,  the   boiler   pressure   as    nearly   as  may  be,  a 
fj'aug^  being  sttached  to  the  discharge  pipe  for  this  purpose. 

When  a  separator  is  used  and  the   entrnined   water  dis- 
charges either  to  waste,  to  the  hot  well,  orlo  the  jacket  tank, 
the  weight  of  this  water  is  to  be  determined,  the  water  being 
drawn  into  barrels  in  the  manner  pointed  out  for  roeasuring 
the  jacket  water.     Eicept  iu  the  case  where  the  separator  ^-  ^^ 
discharges   into  the  jacket   lank,  the   entrained   water   ihun  found  is 
treated,  iu  the  calculations,  in  the  same  manner  as  moisture  shown  by 
4S 
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the  calorimeter  test.  When  it  discharges  into  the  jacket  ti 
weight  is  simply  subtracted  from  the  total  weight  of  water  f 
allowance  made  for  beat  of  this  water  lost  by  radiaUon  betwee 
rator  and  tank. 

When  the  jackets  are  drained  by  a  trap»  and  the  eondensec 
goes  either  to  waste  or  to  the  hot  well,  the  determinstion  of  th 
tity  UBed  is  not  necessary  to  the  main  object  of  the  duty  trial, ' 
the  main  feed-pump  in  such  cases  supplies  all  the  feed-water, 
sake  of  having  complete  data,  however,  it  is  desirable  that  thi 
be  measured,  whatever  the  use  to  which  it  is  applied. 

Should  live  steam  be  used  for  reheating  the  steam  in  the  inten 
receiver,  it  is  desirable  to  separate  this  from  the  jacket  steai 
drains  into  the  same  tank,  and  measure  it  independently.  Th 
wise,  is  not  essential  to  the  main  object  of  the  duty  trial,  thongl 
for  purposes  of  information. 

The  remarlts  as  to  the  manner  of  preventing  losses  of  live  ste 
of  evaporation,  in  the  measurement  of  jacket  water,  apply  to  tb 
urement  of  any  other  hot  water  under  pressure  which  may  be  i 
feed-water. 

Should  there  be  auy  other  independent  supply  of  water  to  th 
besides  those  named,  its  quantity  is  to  be  determined  indepeo 
apparatus  for  all  these  measurements  being  set  up  during  the  \ 
between  the  preliminary  run  and  the  main  trial,  when  the  plant 

2.   THE  MAIN  DUTY  TRIAL. 

The  duty  trial  is  here  assumed  to  apply  to  a  complete 
embracing  a  test  of  the  performance  of  the  boiler,  as  well  i 
of  the  engine.  The  test  of  the  two  will  go  on  simoltan 
after  both  are  started,  but  the  boiler  test  will  begin  a  shoi 
in  advance  of  the  commencement  of  the  engine  test,  and  co 
a  short  time  after  the  engine  test  is  finished.  The  mode  ( 
cedure  is  as  follows : 

The  plant  having  been  worked  for  a  suitable  time  under 
conditions,  the  fire  is  burned  down  to  a  low  point  and  the 
brought  to  rest.  The  fire  remaining  on  the  grate  is  then 
hauled,  the  furnace  cleaned,  and  the  refuse  withdrawn  from  the 
The  boiler  test  is  now  started,  and  this  test  is  made  in  accordai 
the  rules  for  a  standard  method  recommended  by  the  Comm; 
Boiler  Tests  of  the  American  Society  of  Mechanical  Engineers, 
method,  briefly  described,  consists  in  starting  the  test  with 
fire  lighted  with  wood,  the  boiler  having  previously  boen  h( 
its  normal  working  degree  ;  operating  the  boiler  in  accordance  y 
conditions  determined  upon ;  weighing  coal,  ashes,  and  feed 
observing  the  draught,  temperatures  of  feed-water  and  escapin 
and  such  other  data  as  may  be  incidentally  desired;  determh 
quantity  of  moisture  in  tlie  coal  and  in  the  steam;  and  at  the  < 


*  Vol.  VI.,  p.  267,  Transactions  A.  8.  M.  K,  1885. 
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the  lest  hauling  the  fire,  Rod  dedunltng  from  the  it^ight  of  cnnl  fired 
nhatever  uabumed  coal  U  crintalned  in  tLe  refuee  wiihdiawD  from  the 
tuniace,  the  quantity  of  water  in  the  boiler  and  the  Blenm  pressute 
b«mg  the  same  as  at  the  time  of  liglilin^  the  fire  at  the  beginning  of 
the  teat. 

Previous  to  the  close  of  llie  lest  it  is  desirable  tliat  the  (iiefthould  be 
biimed  down  to  a  low  point,  ao  that  the  uoburned  coal  withdrawn  may 
be  in  a  ntarl;  coasuojed  Hlate,  The  teniperalnte  of  llie  feed-water  is 
observed  at  Ihe  point  where  tlie  water  leaves  the  engine  heater,  if  this 
b«  used,  or  at  ibe  point  where  It  eniera  the  flue  liealer,  if  that  appRfa- 
ins  be  employed.  Whtre  an  InjfCtor  U  used  for  auppljirg  the  water, 
a  deduction  ia  to  be  made  in  either  case  for  tliB  iucresBed  temperature  I 
of  the  water  derived  from  the  steam  which  ii  con-.umeB. 

As  soon  after  the  Vginning  of  the  boiler  teet  as  practicable  the 
engine  is  started  and  prepaiations  are  made  for  the  beginning  of  the 
engine  leftt.  The  formal  commencement  of  tbls  test  is  delayed  till  ibd 
plant  is  Kgain  in  normal  working  condition,  which  should  not  be  over 
one  boor  after  the  lime  of  llgliting  the  fire.  When  the  time  for  com- 
mencement arrives  the  feed-wuier  is  momentarily  shut  off,  aad  the 
water  iu  the  loner  taab  is  bronght  tn  a  mark.  Obdervatlons  are  then 
made  of  the  number  of  tanks  of  watt^r  thus  far  supplied,  the  lii-lgbt 
of  water  in  the  gauge-glass  of  the  boiler,  the  indication  of  the  connler 
on  the  engine,  and  the  time  of  day  ;  after  which  the  supply  of  feei'- 
water  is  renewed,  and  the  regular  observalions  of  the  teal,  inclndtnglhe 
measurement  of  the  ansillar;  supplies  of  feed-waier,  are  commenced. 
The  engine  test  is  to  coniioue  at  least  ten  ho»ts.  At  its  expiration  the 
feed-pump  ia  again  momenintU)-  stopped,  care  having  been  taken  lo 
have  Ihe  water  i-ligblly  higher  tbau  at  the  start,  and  Ibe  water  in  the 
lower  tank  is  brought  to  the  mark.  When  the  water  In  the  gauge. 
gluBS  has  settled  to  the  point  which  it  occupied  at  the  beginning,  the 
time  of  day  and  the  Indication  of  ih«  counter  are  observed,  together 
with  the  number  of  tanks  of  water  thus  far  supplied,  and  the  enfiioe 
test  ia  held  to  be  fiuiBhed.  The  eugiDe  continues  to  run  after  ihis  lima 
till  the  Ere  reaches  a  condition  for  hauling,  and  completing  the  boiler 
test.    It  Is  tlien  slopped,  and  the  final  observations  relaling  to  the  boiler 

The  observations  to  be  made  and  data  obtained  for  the  purposes  of 
the  engine  test,  or  duty  trial  proper,  embrace  the  weight  of  feed-wat«r 
supplied  bfthe  main  feeding  appsralui',  that  uf  the  water  draictd  from 
the  jackets,  aud  any  other  water  which  ia  ordinarily  supplied  to  the 
boiler,  detomiined  in  the  manner  pointed  out.  They  also  embrace  the 
number  of  hours  duration,  and  number  of  single  strokes  of  the  pump 
during  tbe  test ;  and,  in  direct- acting  engines,  the  length  of  the  stroke  ; 
together  with  the  Indications  of  the  gauges  attached  to  the  force  ni-d 
Bucljou  mains,  and  Indicator  diagrams  from  the  steam-cyliudera.  It  IB  | 
desirable  that  pump  diagrDms  also  be  obtained. 

Observations  of  the  length  of  stroke,  in  the  ca£e  of  direct-acting 
engines,  should  bo  made  every  five  minutes ;  observations  of  the  water- 
pressure  gauges  every  fifteen  minutes ;  observations  of  the  remaining 
instruments,  such  as  steam-gauge,  vacuum-gauge,  ihermomeier  in 
pump  well,  ihermomeier  in  feed-pipe,  ihi-naometer  showing-  tempera- 
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tare  of  euglue  room,  boi)er  rooin,  and  oulBlde  ai 

tbenDomeinr  in  Hteain>pipe,  if  th»  boiler  baa  etvam-henting  surface, 

liaroiuetnr,  and  other  instrumems  wliicli  mav  be  used,  every  Lalf-lmur. 

lndic:i1or  diagrama  shoatd  be  lakeu  every  half-hoar. 
Wlien  the  (liity  trial  embraces  simply  a  test  of  the  engine, 
apart  from  the  boiler,  the  course  of  procedure  will  be  the  same 
as  that  described,  excepting  that  the  fires  will  not  be  hauled, 
and  the  special  observations  relating  to  the  performance  of  the   ' 
boiler  will  not  be  taken. 


& 


The  gauge  nttathed  to  Ilie   fnrcs  main  ia  liable  to  a  coiiBtderable    ' 
amount  ot  fluciuation  uiiletiB  the  giuf^e-cack   U  nearly  cloced.     The 
prsctlci!  of  choking  the  cick  is  objectionable.     The  dltSculty  ma;  be 
satisfactorily  overcome,   and  a   nearly  stt-ady 

indication  setured,  with  cock  wide  open,  if   a  ij,        jjW 

small  teaervoir  having  an  air^baniber  is  inter-  "    „,^ 

pOHcd  between  the  gnu^e  and  tlie  force  niaia, 
In  the  maimer  ahown  in  tlie  appended  figure 
(lOU).  By  means  of  a  gauge-^lass  on  the  aide  of 
the  chamber  and  on  air- valve,  ihe  aven 
wnler-level  may  lie  atljusted  to  tlie  height  of 
the  oentre  of  the  gauge,  aud  correction  for  this 
element  of  variation  is  avoided.  If  not  ibua 
odJDSled.  the  leading  ia  to  be  referred  U>  ' 
level  shown,  whatever  this  may  be. 

To  determine  the  length  of  stroke  in  the  esse 
□f  direct-ncling  engioee,  a  scale  ahould  be  se- 
curely fastened  to  the  frame  wliich  connects  the 
Eteam  and  water-cjlinders,  in  a  porition  paral- 
lel to  the  piston-rod,  and  a  pointer  attached  to 
the  rod  ao  as  to  move  back  and  forth  over  the  "S-  ^°^' 

graduations  on  ihe  pcale.  The  marks  oti  the  scalp,  which  the  poinler 
reaches  at  the  two  ends  of  iLe  alroke,  are  thus  readily  obi^erved,  and 
the  distance  moved  over  compuied.  If  the  length  of  the  stroke  caa 
In  determined  by  the  aie  of  tome  form  of  registering  apparainx,  such 
a  metliod  of  mea-nrement  is  [.re'eind.  Tho  per-onsl  errors  in  observ- 
log  the  exact  stale  mni'ks.  wLith  uro  iluble  to  creep  in,  may  thereby 
be  avoided. 

The  form  of  calorimetor  to  be  used  for  teating  the  qnaliiy  of  the 
neam  is  left  to  the  decMon  of  the  person  who  conducts  the  trial.  It 
Is  preferred  that  some  form  ot  continuous  calorimeter  be  Ufed,  which 
lets  directly  on  the  moisture  teited.  If  either  the  superheating;  calorim- 
eter *  or  the  wire-drawiug  f  instrument  be  employed,  the  Hleam  which 

•  Vol.  VII.,  p.  178.  1886. 

fVol.  XL,  p,  790,  1890,  TTansnciiona  A.  S.  H.  E.    (Paper  on  "A  Uaivere*! 
Calorimeter,"  May,  1890.) 
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it  iliscliargea  is  to  be  meaaared  either  bv  rmmerouB  short  Irials,  made 
by  condensing'  it  in  a,  barrel  of  water  previoasly  weighMi,  llierpby 
oblaiDiiig  the  rate  by  which  it  is  dlsebarged,  or  bj  paraiSK  it  throagii  n 
furlaeecondenaerof  some  aimple  construction,  and  measuring  the  whole 
r|uantitT  rouaumed.  \>'liFn  neither  of  these  inttruments  ia  at  hand,  and 
dependence  must  be  placed  upon  the  barrel  catorimtter,  scales  should 
be  used  wh3ch  are  eensit!ve  trj  a  cliaage  in  weight  of  a  siiial!  fraction 
of  a  pound,  and  ihermometers  which  may  be  read  to  tenths  of  a  degree. 
The  pipe  which  supplies  the  calorimeter  should  Iw  tlioroughly  warmed 
and  drained  jost  previong  to  each  lest.  In  niahing  the  cslciilatiocii  the 
Bpecific  heat  of  the  material  of  the  barrel  or  tank  thoiild  be  lakeu  into 
account,  whether  this  be  of  metal  or  of  wood. 

It  the  steam  ii  superheated,  or  if  the  boiler  is  provided  with  steam- 
heuting  frurface,  the  lemperalore  of  the  steam  is  to  be  taken  by  meiina 
of  a  high-grade  tUemiometer  resting  In  a  cup  holding  oil  or  mercntr, 
•thicli  is  screwed  into  the  Bieam-pipe  so  as  to  be  anrrounded  by  the  cur- 
tent  of  Hieani.  The  temperature  o(  tha  feed-wali-r  is  preferably  laken 
by  laeaus  of  a  cnp  screwed  into  the  feed-pipe  in  the  xame  manner. 

Indicator  pipes  and  connect  ions  used  for  the  wnt'-r-cj  I  inders  should  be 
of  ample  size,  and,  so  far  as  posi-ible,  free  from  bends,  Tbree-i|UBrter- 
inch  pipes  are  preferred,  and  the  indicators  should  be  attached  one  at 
each  end  of  the  cylinder.  It  should  be  remembered  that  iiidicnior 
HpringB  which  are  correct  under  steam  hfat  are  erroneous  when  uaed 
for  cold  water.  When  iuch  tpriDgs  are  used,  the  acinal  scale  should 
be  determined,  it  calcolatinns are  made  of  tlie  indicated  work  done  in 
the  water-cylinders.  The  scale  of  steam -springs  should  be  deterniined 
by  a  comparison,  under  steam  pressure,  with  an  accurate  Btpam -gauge  at 
the  lime  of  the  trial,  and  that  of  water-spriugs  by  co'd  dead  weight  lest. 

Tlie  accuracy  of  all  ilie  gauges  ^hDuId  be  carefully  verified  by  com- 
parison with  a  reliable  mercury  column.  Similar  verification  should  be 
made  of  the  thermometers,  and  if  no  stnndsrd  is  at  hand,  they  should 
be  tested  in  boiliug  waier  and  melting  ice, 

I'o  avoid  errors  in  ccmducting  the  lest,  due  to  leakage  of  stop-valves 
either  on  the  steaui-pipeR,  feed-water  pipes,  or  hlow-otT  pipes,  all  these 
pipea  not  concerned  in  the  operation  of  the  plant  under  test  should  be 
disconnected. 

3.      LEAKAGE  TEST  OF  PUMP. 

soon  as  practicable  after  the  completion  of  the  main  trial 
t  some  time  immediately  preceding  the  trial),  the  engine  is 
ght  to  regt,  and  the  rate  determined  at  which  leak^e 
;  place  through  the  plunger  and  valves  of  the  pump,  when 
1  are  subjected  to  the  full  pressure  of  the  force  main. 

The  leakage  of  the  plunger  ia  most  satisfactorily  determined  by 
making  the  test  with  the  cylinder  bead  removed.  A  wide  board  or 
plank  u:ay  be  temporarily  holied  io  ihc  lower  part  of  the  end  of  the 
lylinder.  i-o  a<i  to  hold  back  the  water  in  the  manner  of  a  dam,  and  an 
opening  made  in  the  temporary  head  thus  provided  for  the  reception 
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of  an  overSow-pipe.  Tbe  plunger  is  blocked  at  eome  intermedii 
point  in  ibe  stroke  (or.  if  ibis  position  la  not  prBCtlcnble,  BlUte  end  i 
tlie  stroke),  and  the  water  troru  the  Tneee  main  ia  admitted  nt  full  pn 
nre  bcliiDd  it.  Tbe  leaknge  ePCBpes  ibroogli  ibe  overflow  pipe,  and  i 
Is  coltpctcd  iu  barrels  and  uieoeured. 

SliouM  tbe  eaeape  of  the  water  iolo  the  engine  room  be  objection- 
able, a  apoal  may  be  oonptructed  to  curry  It  oat  of  tbt  bnilding.  Where 
the  teskage  is  too  great  to  be  readily  measured  iu  barrels,  or  nrbera 
other  objections  arine,  resort  ma^  be  had  to  weir  or  orifice  meaHiiremeDt, 
the  weir  or  orifice  taking  ihe  place  of  the  overflow  pipe  in  the  wooden 
head.  Tbe  apparatus  may  be  constructed,  if  detired,  in  a  somewhat 
rude  manner,  and  yet  be  Hufficieotly  accurate  forprBctiral  ffquirenient^. 
The  teat  Bhould  be  mude,  if  possible,  with  tbe  plunger  in  variooa  posi- 

In  the  case  of  a  pump  so  pTnnned  that  it  \b  difilculL  to  remove  the 
cylinder  bead,  it  msy  be  desirable  to  lake  tbe  leakage  from  one  of  the 
openings  which  are  provided  for  the  inspection  of  the  BUCtlon  valves, 
the  bead  being  allowed  to  remain  in  place. 

It  is  here  assumed  Ibat  there  is  a  practical  absence  of  valve  leak- 
age, a  condition  of  things  which  ought  to  be  attained  in  all  well-con- 
eimuted  pomps.  Examination  for  such  leakage  shouid  be  made  iirsl 
of  all,  and  if  it  occurs  and  it  ia  found  to  be  due  to  disordered  valves,  it 
rhould  be  remedied  before  making  the  plunger  test.  Leakage  of  the 
discharge  valves  will  -be  shown  by  water  passing  down  into  tbe  empty 
cylinder  at  either  end  when  tbey  are  under  presEure.  Leakage  of  the 
suction  valves  will  he  shown  by  the  diasppeaianci;  of  water  which  cov- 
ers them. 

It  valve  leakage  is  found  which  cannot  be  remedied,  the  quantity  of 
water  thus  lost  should  also  be  tested.  Tbe  dclerminatton  of  ibe  qnan- 
tily  which  leaks  through  the  suction  valves,  where  there  ia  no  gate  in 
the  auction  pipe,  must  be  made  by  indirect  means.  One  method  Is  to 
measure  the  amount  of  water  requiri-d  lo  mainiaiu  a  certain  pressure 
in  the  pump  cylinder  when  this  is  Introduced  Ihrougb  a  pipe  tempo- 
rarily eroded,  no  water  being  allowed  to  enter  ihrougb  the  discharge 
valves  of  tbe  pump. 

The  esBCt  raethoda  tube  foil  -wed  in  any  particular  ca-e,  In  determin- 
ing leakage,  must  be  left  to  the  judgment  and  ingenuity  of  the  perron 
conducting  tbe  test. 

4.   TABLE   OF   DATA   AND  RESULTS. 

In  order  that  nniforraity  may  be  secured,  it  is  suggested  that  \ 

the  data  and  reBiilta.  worked  out  in  accordance  with  the  standard  J 

method,  be  tabulated  in  the  manner  indicated  in  the  following  I 

scheme  : 

DUTY  TRIAL  OF  ENGINE. 
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1.  Number  of  steam -cylinders 

2.  Diameter  of  steam-cjUnders 

3.  Dlamet  -t  of  pii^ton-rods  of  s tram-cylinder 
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4.  Nominal  stroke  of  Bteain-piBtonB ft, 

G.  Number  of  watar-plungeni 

6,  Diameter  of  plungers ins. 

7.  Dkmetpr  of  piston-rods  of  nBl^r-ofllnders ioa. 

8.  Nomlual  stroke  of  pinagers ft. 

9,  Net  area  of  plungers eg.  Jns. 

10.  Nflt  aiea  of  ateam-piHtons eq.  Ina. 

11.  Average  loaglli  ot  etrote  of  steam-|  ialons  during  trial ft. 

13.  Average  length  of  SI  roke  of  plungers  during  trial ft. 

(Give  slso  comple'e  description  of  plant.) 


13.  Temperatare  of  water  io  pomp  wi^ll. . . degB. 

14.  Temperature  of  water  supplied  to  boiler  by  main  feed-pump.  deg». 

15.  Temperature  of  water  supplied  to  boiler  from  various  oilier 

sou'cea    degB, 

FEED- WATER. 

16.  Weight  of  water  supplied  to  ixiiier  bj  main  feed-pump lbs. 

17.  WeigLt  of   wttlBr   supplied   lo   boiler  from   vurlona  olher 

sources lbs. 

16.  Total  weight  of  feed^water  supplied  from  sll  sources lbs. 

PRKBSURBS. 

IB.  Boiler  pressure  indiuited  by  gauge lbs, 

50.  Pressure  indicated  by  gauge  on  force  main Iba. 

51.  Vacuum  indlcnted  by  gauge  on  suctJOD  main Ins. 

2S.  PreEBure  correnponding  to  vacuum  given  in  pretreding  liue  .  Iba. 
^.  Vertical  distance  between  the  cenlres  of  t)ie  two  gauges.  .  Ins. 
34.  Pressure  equivalent  to  diatauce  bttween  the  iwo  gauges. . ,  lbs. 

HIBCELLANCOtJS  DATA. 

2S,  DuratioD  of  trial hrs. 

20.  Total  number  of  single  strokes  during  trial 

27.  Percr'niage  of  moixture  in  steam  supplied  to  engine,  ot  num- 

ber ofdegreea  of  super! leating ;f  ordeg. 

28,  Total  leakage  of  pump  during  (rial,  determined  from  re- 

sults of  leakage  test lbs. 

30.  Mean  effective  pressure,  measured  from  diagrams  lakeo 

from  Bteam-cylioders H.  B.  P. 

rSINaPAI.  BKSTTLTI. 

80.   Duty ft.  lbs. 

SI.  PffcentDge  of  leakage f 

33.  Capacity gals. 

83.  Percentage  of  total  trictiona % 

ADDITIONAL  nESULTS." 

34.  Number  of  double  strokes  of  Rloam-pistoii  per  minute 

SS.  Indicated   Lorse-power  developed    by   the   various  steam- 
cylinders I.  H.  P. 

*  These  are  not  necessary  to  tbe  main  object,  but  it  is  desirable  to  give 
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86.  Feed-water  consamed  bj  the  plant  per  hoar lbs. 

87.  Feed- water  coDsumed  by  the  plant  per  indicated  horse- 

power per  hour,  corrected  for  moisture  in  steam Ibp. 

88.  Number  of  heat  units  consumed  per  indicated  horse-power 

per  hour B.  T.  U. 

89.  Number  of  heat  units  consumed  per  indicated  horse-power 

per  minute B.  T.  U. 

40.  Steam  accounted  for  bj  indicator  at  cut-off  and  release  in 

the  various  steam-cylinders lbs. 

41.  Proportion  which  steam  accounted  for  bj  indicator  bears  to 

the  feed-water  consumption 

SAMPLE  DIAGBAMS  TAKEN  FBOM  BTBAM-CTLINDER8. 

[Also,  if  poFsible,  full  measurements  of  the  diagrams,  embracing  pressures  at 
the  initial  ^)oint,  cut-off,  release,  and  compression  ;  ale^o  back-pressure,  and  the 
proportions  of  the  stroke  completed  at  the  various  points  noted.] 

42.  Number  of  double  Htrokes  of  pump  per  minute 

48.  Mean  effective  pressure,  measured  from  pump  diagrams. . .  M.  E.  P. 
44.  Indicated  horpe-power  exerted  in  pump  cylinders I.  H.  P. 

SAMPLE  DIAGBAMS  TAKEN  FBOM  PUMP  CTLINDEB8. 


DATA  AND  RESULTS  OP  BOILER  TEST. 


• 


[in    ACCOBDANCE    with    THE    SCHEME    BECOMMENDBD    BY    THE    BOILER    TEST 

COMMTTTEB  OF  THE  80CIETT.] 

1.  Date  of  trial 

2.  Duration  of  trial hrs. 

DIMENSIONS  AND  PB0P0BTI0N8. 

8.  Grate  surface  wide  long  Area sq.  f t. 

4.  Water-heating  surface sq.  ft. 

5.  Superlieating  surface sq.  ft. 

6.  Ratio  of  water-heating  surface  to  grate  surface 

(Give  also  complete  description  of  boilers.) 

AVEBAGE  FBE88X7BB8. 

7.  Steam  pressure  in  boiler  by  gauge lbs. 

8.  Atmospheric  pressure  by  barometer lbs, 

9.  Force  of  d  i  aught  in  inches  of  water ins. 

AVEBAGE  TEBfPEBATUBES. 

10.  Of  steam degs. 

11.  Of  escaping  gases degs. 

12.  0/  feed-water degs. 
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FCBL. 

I,  Total  wQount  o(  coal  consumed  • lbs. 

I.  Moismre  !□  coal , It 

I.  Drj  coal  consumed lbs. 

i.  Total  re  f ose  (dry) Ibe. 

'.  Total  rombuBllble  (drj  weigbt  at  roal,  Item  15,  less  retuse, 

item  16) lb*. 

k  Drj  coal  consamed  per  hour lbs. 

HE9CI.TS  OS'  CALOKIMBTEIC  TEBT. 

'.  Qaalitf  of  eieam,  dry  steam  being  taken  a^  unity 

).  Percentage  of  moisture  in  steam S 

..  Number  o(  dpgrfes  Buparheated degs. 

I,  Total  welkin  of  miter  pumped  into  boiler  and  apparent]/ 

evaporated  f lbs. 

I.   Water  actuallj  evaporated  corrected  for  quality  of  ^team. .  Iba. 
[.  Equivalent  naler  evaporated  into  dry  steam   from  and  at 

312^Fahr.{ Ibe. 

i.  Equivalent  total  beat  derived  from  fuel,  in  British  TherDial 

Unita  B.T.U. 

I.  Equivalent  vater  eva[.orated  into  dry  t-team   from  and  at 

ai3°  Fair,  par  hour lbs. 

RCOSOKIC  KVAPOBATIOS. 

r.  Water  actually  evaporated  per  pound  of  dry  coal  from  actual 

pressure  and  temperature Iba. 

1.  Equivalent  water  evaporated  per  pound  of  dry  coal  from 

and  ht  213"  Fahr Iba, 

I.  Equivalent  nater  evaporated  per  pound  of  couibuatible  from 

and  at  213°  Fahr lbs. 

I,  Number  of  pounds  of  roal  required   to   supply  1,1)00,000 

Briilsb  Thermal  Units Iba. 

BATK  OF  C0MBC8T1ON. 

.  Diy  coal  actually  burned  per  sqniuv  foot  of  grate  surface 
per  hour,.. lbs. 

*  Inolnding  equivalent  of  wood  used  in  llghliug  Gre.  One  pound  of  wood 
Mioala  0.4  of  a  pnund  of  cool,  not  including  uubarued  conl  withdrawn  from  (ire 
a  end  of  test. 

t  Corrected  for  lurquality  of  waler-level  and  of  steam  presnure  at  beginning 

d  end  of  teat. 

r  ^FmIot  of  evaporation  =  gHQ~7-   ^  '"^  ^  beiajt  reapoctivety  the  total  heat 
m  of  the  average  observed  pressure,  and  in  wat^r  of  the  average 
d  temperature  of  feed. 
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RATE  OF  EYAFORATION. 

82.  Water  evaporated  from  and  at  212'  Fahr,  per  pquare  foot 

of  heating  sarface  per  boar lbs. 

[Note. — To  determiDe  the  percentage  of  surface  moisture  in  the  coal  a  pample 
of  the  coal  should  be  dried  for  a  period  of  twenty-foar  hours,  being  subjected  to 
a  temperature  of  not  more  than  212°.  The  quantity  of  unconsumed  coal  con- 
tained in  the  refuse  withdrawn  from  the  furnace  and  ash  pit  at  the  end  of  the 
test  may  be  found  by  sifting  either  the  whole  of  the  refuse,  or  a  sample  of  the 
same,  in  a  screen  having  f-inch  meshes.  This,  deducted  from  the  weight  of  dry 
coal  fired,  gives  the  weight  of  dry  coal  consumed,  for  line  15.~2H//y  Irial  Com' 
mittee,] 
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MEASUREMENT  OF   WATEIl  BT  BCEAN8  OF  WEIB8,  TUBES,  AND   NOZZLES. 

The  following  memoraDda  in  regard  to  the  measurement  of 
water  by  means  of  weirs,  tubes,  and  nozzles  are  appended  tn  the 
report,  in  order  that  these  systems  may  be  readily  availed  of ' 
whenever  it  is  practicable  to  do  so.  It  is  not  attempted  to  give 
full  directions  here,  but  simply  the  general  principles  which 
Bhonld  be  followed  in  order  to  obtain  reliable  work.  The 
reader  is  referred  to  the  accounts  of  varions  investigators  them- 
selves, who  have  experimented  in  these  lines,  for  the  detailed 
instructions  which  cannot  here  be  introdnced  : 


Tlie  meaBuriToeiit  of  water  by  the  use  of  welra  is  gpnerBUy  based,  at  the  pres- 
ent lime,  on  tlie  refolta  of  eiperimeots  made  bj  Mr.  James  B.  Francis,  O.E,,  nt 
Lmrell.  in  18.^2,  an  Bccoucit  of  which  is  given  !□  Lo-aiU  Hydraulic  Expcri- 
mtnts,  D.  Van  Nostrand.  Thpse  experimentB  led  lo  the  ronsiructinn  of  Ibe 
followinn:  formuld,  wbtcb  Ib  koowo  an  ihe  "  Fr&ncie  Formale,''  via. ; 

Q  =  3M(L-0.2B)  X  ff|, 

In  wbicb  Q  Ja  the  discliarg«  of  water  in  cubic  feet  per  second,  L  the  length  of  ibe 
weir,  and  if  tbe  depth  on  the  weir,  all  of  these  meaHurement»  bt-iug  In  tertna  of 
th«  English  fool.  The  coefficient,  3.83.  waa  obtained  f  todi  the  meaii  of  eight7-eighl 
expert menta,  the  greateat  variation  from  tbe  mean  in  an}'  individual  cafe  being 
one  percent.  The  length  of  the  weir,  in  all  bat  six  of  tbe  experiment?,  wai 
approximate);  ten  feet.  I'he  depth  of  water  on  tlie  weir  varied  from  7  to  19 
inchea.  The  formula  applies  lo  that  typo  of  weir  having  perfect  contraction  at 
each  end,  which  was  tbe  form  nfed  in  siztr-five  e-xperiuients. 

The  weir  was  of  reciangnlar  croBs.  sect  ion,  with  a  horizontal  crest  and  vertical 

ends.     Tlie  upper  edge  was  made  of  cast  iron,  and  the  comer  preaeoted  to  the 

eorrent  was  square  and  sharp.    The  horizontal  part  of  the  crest  whs  one-fourth  of 

an  inch  wide,  and  [he  remaining  part  was  bevpHed  off  at  an  angle  of  40°.     The 

I  Buds  were  of  similar  cross-section  lo  ilie  crest.    The  depth  on  tbe  weir  waa  taken 

mibj  means  of  hook  gaogea,  tiT  feet  from  tbe  weir,  these  gauges  being  plauod  in 

■WMden  boiea  situated  on  the  sides  of  ihe  canal  and  rommuiiicating  with  tbe 

K'mt«rthn!iii;b  small  openings.     Vertical  grating)*,  for  overcoming  eddiee  In  the 

mrrent,  were  provided  above  ibe  gauges.   The  dicianee  from  the  aide  of  ihe  oaoal 

end  of  the  wrir  was  about  two  feet,  and  ihe  df  pth  of  the  canal  below  tha 

an.  in  most  of  the  experiments,  about  five  feet. 

The  Franci!<  Formuta  la  applicable  only  to  cases  similar  to  the  ones  deacnhed. 

^According  to  Mr.  Frnnr.is'  HtaTemeot,  It  cannot  be  applied  where  the  depth  on  the 

letda  one-third  of  the  length,  nor  lo  very  small  depths:  furlbermore,  the 
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distance  from  the  Bide  of  the  caDal  to  the  end  of  the  weir  shoold  Dot  be  ItMtlia 
three  times  that  on  the  weir. 

In  using  the  formula,  the  depth  of  water  on  the  weir  ahoold  be  corrreted  lor 
the  htad  due  to  the  Telocity  of  approach  according  to  the  formula 

in  which  //'  ia  tlie  corrected  depth,  ^the  obserred  depth,  and  A  the  head  dmti 
the  velocity  of  approach.    This  last  mav  be  determined  fiom  the  formuli 

in  which  Fis  the  Telocity  of  approach  in  feet  per  second,  wliich  maybedrtn- 
mined  by  dividing  the  uncorrected  discharge  of  water,  in  cubic  feet  per  iKaidt 
by  the  area  of  the  cross-section  of  the  stream  flowing  throagh  the  canil,  in  Fqun 
feet. 

The  readier  is  also  referred  to  the  experiments  on  weirs  made  by  HaniHoa 
Smith,  Jr.,  described  in  Smith's  Hydraulics,  and  to  thove  made  by  Ftelej  ud 
Stearns,  described  in  Transactions  American  Society  of  Civil  Bnginetrs,  1881. 

TENTUBI  T0BB8. 

Mr.  Clemens  Herachel,  C.E..  Ilolyok*',  Mass.,  in  a  paper  read  before  the  Aaer- 
ican  Society  of  Civil  Engineers,  December  21,  1887,  and  printed  in  their  7Vm«- 
actions,  Novemlx^r,  1887,  and  January,  1888,  recommends  the  nse  of  a  Vvatari 
tube,  inserted  in  the  force  n>ain  of  the  pumping  engine,  for  determintDg  the 
quantity  of  water  discharged.     Such  a  tube,  applied,  for  example,  to  a  24-i]idi 
main,  has  a  total  length  of  about  twenty  feet.    At  a  distance  of  four  feet  from  tbe 
end  nearest  the  engine,  the  inside  diameter  of  the  tube  is  contracted  toatboal 
having  a  diameter  of  about  eight  inches.    A  pressure  gauge  is  attached  toetdi  of 
two  cliMmbers.  the  one  surrounding  and  communicating  with  the  entrance,  or  main 
pipe,  the  other  with  the  throat.     According  to  experiments  whicb  Mr.  Herachel 
has  made  upon  two  tubes  of  this  kind,  one  of  whicb  was  four  inches  indiiisei^' 
at  the  throat  and  twelve  inches  at  lis  entrance,  and  the  other  about  tbiitj-six 
inches  in  diameter  at  the  throat  and  nine  feet  at  its  entrance,  tbe  quantity  of  water 
which  pasi^es  through  the  tube  is  very  nearly  the  theoretical  discharge  throagh  An 
opening  having  an  are^i  equal  to  that  of  the  throat,  and  a  velocity  which  ii  tliat 
due  to  the  difference  in  head  shown  by  the  two  gauges.     Mr.  Herachel  rtatc* 
that  the  coefficient  for  these  two  widely  varying  aiies  of  tabes  and  for  twide 
range  of  velocity  through  the  pipe  was  found  to  be  within  two  per  cent,  dtli©' 
way,  of  98:^.     In  other  words,  the  quantity  of  water  flowing  tbrough  the  ti 
per  second  is  expressed  within  two  per  cent,  by  the  formula 


W  =  0.98  X  ^  X 


^^h, 


in  which  A  is  the  area  of  the  throlkt  of  the  tube,  and  A  the  bead,  in  feet,  eo: 
spondin^  to  the  difference  in  the  pressure  of  the  water  entering  the  tabe  i 
that  found  at  the  throat. 

The  accuracy  of  this  f<irin  of  measurement  has  not  been  determined  under 
ditions  which  apply  exactly  to  pumping  engines,  but  the  results  here  aUndeA- 
give  promise  of  its  becoming  a  valuable  aid  for  this  poipose,  when  thoroog' 
developed. 
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KOZZLES. 

Die&suiemeiit  of  water  by  computation  from  its  discbarge  tbrougb  orifices, 
QgU  the  nozzles  of  fire-boee,  f  urnisbes  a  means  of  determining  the  quan- 
water  delivered  bj  a  pumping  engine  wbich  can  be  applied  without  much 
tj.  Mr.  John  R.  Freeman,  C.E.,  of  Boston,  bas  carried  on  a  series  of 
^tioiis  upon  fire-nozzles,  described  in  the  TransaetUma  American  Society 
i  Engineers,  November,  1889,  which  are  of  value  in  this  connection.  Mr. 
an's  experiments  covered  a  wide  range  of  preFSures  &nd  sizes,  and  the 
I  showed  that  the  coefficient  of  discharge,  for  a  smooth  nozzle  of  ordinarj 
orm,  was  withiu  one-half  of  one  per  cent.,  either  way,  of  0.977  ;  the  diam- 
f  tbe  nozzle  being  accurately  calipei*ed,  and  the  pressures  being  deter- 
bj  means  of  an  accurate  gauge  attached  to  a  suitable  piezometer  at  the 
i  the  play-pipe. 

>rdfr  t)  use  this  method  for  determining  the  quantity  of  water  discharged 
[iTimping  engine,  it  would  be  necessary  to  provide  a  pres£>ure  box,  to  which 
iter  would  be  conducted,  and  attach  to  the  box  as  many  nozzles  as  would 
paired  to  carry  off  the  water.  According  to  Mr.  Freeman's  estimate,  foar 
:li  Dozzles,  thus  connected,  with  a  pressure  of  80  lbs.  per  square  inch,  would 
arge  the  full  capacity  of  a  two-and-a-half-million  engine.  To  serve  the  same 
Mr.  Freeman  suggests,  in  the  Journal  of  tJie  New  England  Water  Works 
iation,  March,  1890,  tbe  use  of  a  portable  apparatus  with  a  single  opening 
iscbarge,  consisting  essentially  of  a  Siamese  nozzle,  so  called,  the  water 
;  carried  to  it  by  three  or  more  lines  of  fire-hose. 

iusare  reliability  for  these  measurements,  it  is  necessary  that  the  shut-off 
!  in  tbe  force  main,  or  the  several  shut-oif  valves,  should  be  tight,  so  that  all 
rater  discharged  by  the  engine  may  pass  through  the  nozzles. 
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TABLE   No.   1. 
PBOPERTIEfl  OF  8AT17BATED  8TRA1C 

[From  Ciiarles  T.  Porter's  treatise  on  TJie  Hichardi'  Steam-EngiM 


Press- 

Sensible  Heat 

Totel  Heat 

ure 

nVknvA 

Temperature. 

above 

Latent  Heat. 

above 

zero. 

zero  Fahr. 

aero  Fahr. 

Lbs.  per 
sq.  in. 

Fahr.  Deg. 

B.T.U. 

B.T.U. 

B.T.U. 

1 

102.00 

102.08 

1042.96 

1145.06 

2 

126.26 

126.44 

1026.01 

1152.45 

3 

141.62 

141.87 

10ir..25 

1157.18 

4 

153.07 

153.39 

1007.22 

1160.62 

5 

162.33 

162.72 

1000.72 

1168.44 

6 

170.12 

170.57 

995.24 

1165.82 

7 

176.91 

177.42 

990  47 

1167.89 

8 

182.91 

183.48 

986.24 

1169.72 

9 

188.31 

188.94 

982.43 

1171.87 

10 

193.24 

193.91 

978.95 

1172.87 

11 

197.76 

198.49 

975.76 

1174.25 

12 

201.96 

202.73 

972.80 

1176.58 

18 

205.88 

206.70 

970.02 

1176:78 

14 

209.56 

210.42 

967.42 

1177.86 

15 

213.02 

213.93 

964.97 

1178.91 

16 

216  29 

217.25 

962.65 

1179.90 

17 

219.41 

220.40 

960.45 

1180.86 

18 

223.37 

228.41 

958.34 

1181.76 

19 

225.2.0 

226.28 

956.34 

1182.62 

20 

227.91 

229.03 

954.41 

1188.45 

21 

230.51 

231.67 

952.57 

1184.24 

22 

233.01 

234.21 

950.79 

1185.00 

23 

2:i5.43 

236.67 

949.07 

1185.74 

24 

237.75 

239.02 

947.42 

1186.46 

25 

240.00 

241.31 

945.82 

1187.13 

26 

242.17 

248.52 

944.27 

1187.80 

27 

244.28 

245.67 

942.77 

1188.44 

28 

246.32 

247.74 

941.32 

1189.06 

29 

248.31 

249.76 

939.90 

1189.67 

80 

250.24 

251.73 

938.92 

1190.26 

31 

252.12 

253.64 

937.18 

1190.88 

82 

253.95 

255.51 

93  V  88 

1191.89 

33 

255.78 

257.32 

934.60 

1191.98 

34 

257.47 

259.10 

933.36 

1192.46 

85 

259.17 

260.83 

932.15 

1192.98 

36 

260.83 

262.52 

930.96 

1198.49 

87 

262.45 

264.18 

929.80 

1193.98 

88 

264.04 

265.80 

928.07 

1194.47 

89 

265.59 

267.38 

927.56 

1194.94 

40 

267.12 

268. 9 J 

926.47 

11«5.41 

41 

268.61 

270.46 

925.40 

1195.86 

42 

270.07 

271.95 

924.35 

1196.31 

4>i 

271.50 

273.41 

923.33 

1196.74 

44 

272.91 

274.85 

922.32 

1197.17 

45 

274.29 

276.26 

921.33 

1197.60 

46 

275.05 

277.65 

920.36 

1198.01 
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Sensible  Heal 

Tolsl  Bmt 

SX£ 

TempnUun. 

Ibon 

UiMnt  Heit. 

■  bov. 

letoBUu'. 

tmo  Pitir. 

foot. 

Mir.D*. 

Ji,T.C. 

B.T.U. 

B.T.U. 

Uu. 

B76.98 

279.01 

019.40 

1198.49 

.1168 

378.29 

280.35 

018.40 

111)8.82 

.1181 

279.  S8 

281.67 

917.64 

1109.31 

.1204 

iSO.BS 

383.96 

816.88 

1198.60 

.1237 

£8;.09 

284.24 

915.78 

1199.88 

.1251 

SS3.3S 

385.49 

914.85 

1200.35 

.1274 

284.93 

286.78 

918.08 

1200.73 

.1297 

3SS.T2 

8S7.95 

913.13 

1301.08 

.1820 

288  89 

260. IS 

012.20 

1201.44 

.1843 

886.05 

290.83 

911  40 

1901.79 

.1368 

m.u 

291.50 

910.04 

1203.14 

.1388 

21M).31 

292.85 

909.68 

1302.48 

.1411 

261.42 

293.79 

909.08 

1303.82 

.1434 

292.63 

894,91 

008.24 

1208.15 

,1457 

298. S9 

208.01 

907.47 

1203.46 

.1479 

294.66 

397.10 

908.70 

1208.81 

.1502 

W5.71 

298.18 

000,84 

1204.13 

.1524 

a9«.75 

299-24 

905  20 

1204.44 

.1547 

2B7.77 

300.80 

004. 4U 

1204.76 

,1569 

298.78 

801.83 

908.78 

1205.07 

,1593 

303.30 

908.01 

1205.37 

.1614 

800.77 

808.87 

903.38 

1305.67 

.1637 

301,75 

304.38 

801.58 

1205.87 

.1059    . 

302.71 

305.37 

800.88 

1300,t;6 

.1661 

803.67 

300.8.'} 

900,31 

1300.60 

.1703 

304.61 

807.33 

B89.53 

1306.64 

.1735 

30.-1.55 

808, -'7 

898.89 

1207.18 

.1748 

300.47 

809.22 

888.18 

1207.41 

.1770 

807  38 

310,16 

687, 6-i 

12117,69 

.1788 

308.29 

811.09 

88U,87 

1307.80 

.1814 

809-la 

313.01 

896.33 

1308,34 

.1636 

310.06 

813,03 

695,  r>9 

1308.61 

.1657 

310.91 

313,82 

884. »5 

1308.77 

.1879 

311-81 

314.71 

604.88 

1309.04 

.1801 

312.67 

315,59 

PBa.TO 

1209.30 

.1833 

313.52 

316.46 

883  08 

1309.60 

.18-15 

311.36 

317.33 

893.48 

1200.63 

.1967 

315.19 

818.19 

891.88 

1210,07 

.1968 

318.02 

319.04 

SOI. 28 

1310,83 

.3010 

316.83 

319.88 

880.08 

1310,57 

.e0S3 

817.65 

830,71 

800.10 

1210.63 

.8053 

818.45 

321,54 

869.53 

1211.00 

.2075 

310.84 

y33.3U 

8S8,iJ4 

1311.31 

.2097 

820.08 

323,17 

1311.66 

.3118 

820.83 

833,08 

887.80 

1211.78 

.2136 

aai.50 

334,78 

887.34 

1213.03 

.31611 

a '3. 86 

825.57 

t8G.68 

1312.26 

.3183 

333.12 

330.35 

f 85.13 

1213-48 

.2204 

323.88 

3i7.13 

885.58 

1212.72 

.2224 

i 
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TAULE  No.  l.—Continutsd. 

^^^p       Pre^s- 

8eD»lble  Heat 

Tot«l  H<Bt 

.„,„.  ^M 

^^         «-S^o 

■IjllVft 

«r.>  F.hr. 

IJiKnl  Hut. 

above 
■era  F*br. 

"isr^^M 

[      ;« 

IWlr.D.*. 

B.T.D. 

B-T.D, 

B,T,tr. 

-  s 

^^L 

834-63 

827.90 

885-04 

1212.96 

.s,«      ^ 

^^H 

326,87 

838.67 

884.50 

1313.18 

.2266 

^^B 

336.11 

3;'B,43 

883.87 

1213.40 

,3368 

^         09 

826.84 

330.18 

88U.44 

1318.63 

.2308 

IDO 

387.57 

830.08 

883.01 

1213.84 

.2380 

101 

S28.29 

331  67 

882,39 

1214.06 

.S851 

102 

8J0.00 

882.41 

881,87 

1214.28 

.3371                   1 

103 

8-29.71 

ai3.14 

881.8.7 

1314. 30 

.2892        ^^J 

104 

8311.41 

388,88 

880.84 

1214,71 

^^M 

105 

331.11 

334.  M 

880.84 

1214.92 

.3484        ^^H 

106 

331.80 

835.80 

876.84 

1213.14 

.3464        ^^^1 

107 

83'i.49 

330.00 

879.34 

ISiS.SS 

.S475         ^^^1 

108 

883.17 

888.71 

878.84 

1216,55 

^^H 

109 

838.85 

337.41 

878.35 

1215,78 

^^H 

tio 

884.53 

838  10 

877.88 

1315,97 

^^H 

111 

885.19 

838.79 

877.87 

1316.17 

^^H 

112 

835. 8.5 

389,47 

878.89 

1216.87     - 

^^H 

lis 

838.  r.l 

840.13 

h7ft.41 

)Eie.B7 

.2399        ^^H 

lU 

33T.16 

3)0.83 

875.84 

1216.77 

^^^1 

lis 

887.81 

84t.,^0 

875-47 

1316,97 

.2640        ^^H 

^1     lie 

8a8.4S 

843.16 

875.00 

1317.17 

,2661         ^^H 

^b      lIT 

339.10 

34-i.83 

874.53 

1217.36 

^^H 

^H      118 

330.78 

343.48 

874.07 

! 217. 58 

^^^1 

^^P      119 

340.86 

344.14 

873.61 

1217.76 

^^H 

^       120 

340.99 

344.78 

873  15 

1217.94 

^^H 

191 

S41.61 

845. 48 

873.70 

1218.13 

-^^1 

1E2 

843,33 

816  07 

872.25 

1318.32 

^^H 

1^8 

348.83 

848.70 

8;i.80 

1218.51 

,3803         ^^H 

m 

848.46 

847. 34 

8-1.86 

1318.89 

^^^1 

125 

344.07 

847.97 

870.91 

1318.88 

.2842         ^^^1 

138 

344,67 

348.611 

870.47 

1219.00 

.2863         ^^H 

1-27 

345.27 

849  31 

870,03 

1218.3,5 

.2682         ^^H 

1:28 

84-5.87 

349,88 

869.58 

1319,48 

.-'903         ^^^1 

129 

346.45 

850.44 

869.16 

1219.61 

.2993         ^^^1 

180 

847. v5 

3.51.05 

868,78 

1319.79 

^^H 

131 

847,04 

Sr,l.CQ 

868.30 

1319  97 

^^H 

K2 

848.22 

833.36 

867.88 

1220.13 

^^^1 

138 

348.80 

352,86 

867  40 

1320. 3 J 

^^H 

181 

349. 3« 

8,^8  46 

867.03 

1230.50 

^^H 

13S 

S4H.8J 

B.14.05 

888.82 

1320.87 

.3040      ^^H 

138 

350. 5i 

354,84 

866.30 

1220.85 

^^^1 

137 

361.08 

355,28 

866.79 

1321-03 

.8079        ^^H 

1H8 

861.75 

8 -.5 -81 

88.-..  38 

1221.19 

^^H 

139 

852.21 

356,80 

864,97 

1231.38 

^^^H 

J40 

3.'i3.76 

866.96 

884.56 

1221. 5;{ 

.3188        ^^H 

K     141 

858.81 

3.57.54 

864.16 

1231.70 

.3158                      ^ 

^B     14d 

3S3  Sfl 

858.  U 

883.76 

1231,87 

.3178                     1 

^V     14S 

8.>).41 

3Bi  67 

863.36 

1222.03 

.8199                      J 

p-  ,« 

354.96 

35B-34 

yei.96 

r;2a.ao 

^^B 
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TABLE   No.  1.— Continued. 


8aii>[bl«H«it 

Total  lJp»t          W 

rfalitot 

■bove 

«™F«lir. 

wroFrtr. 

root, 

mit.Deg. 

B.T.ir, 

fl.T.U. 

B.T.TJ. 

IJ». 

855-60 

859.80 

862-56 

1333.36 

S'?39 

858.08 

860.85 

882. 17 

1232.53 

3259 

858.67      , 

380.01 

861.78 

1333,  i:0 

8379 

8W.10 

861.48 

861.38 

ie23.65 

3299 

357.63 

SUS.Ol 

881.00 

1223. Ul 

3819 

858.16 

86S.63 

880.03 

1223,18 

8340 

338.88 

363.10 

860.23 

1353.33 

^858 

.159.  VO 

SOS  64 

8.59.8.1 

1233  49 

3378 

859.72 

864.17 

8.'>9.47 

1223.83 

33M 

BB0.88 

864.71 

8S9.10 

1233-81 

S412 

880.74 

365.21 

8-58.73 

122;i-97 

3430 

381.36 

368.77 

858.35 

13>4,13 

3448 

861.76 

868.80 

857.98 

1324.28 

3466 

888.27 

860.83 

857.61 

1334,43 

3484 

8(18.77 

867.34 

857,24 

1334.58 

3502 

863.37 

367.86 

858.87 

1224,74 

3i30 

868.77 

868.88 

856.50 

1234,89 

8539 

8M.37 

868.89 

850,14 

1235,04 

3558 

864.76 

B69.41 

855-78 

1225,19 

3577 

aos.as 

sm.»i 

ft'5S.43 

192.5  34 

8596 

865.74 

870  4a 

&iQ.06 

1335.49 

3614 

8ee.s8 

870.83 

834.70 

1225.64 

8083 

366  71 

871.43 

854,36 

1225.78 

8653 

367.19 

371.93 

K53,B0 

12^5,113 

3071 

367.68 

373.43 

8-13,64 

1226.08 

mm 

308.15 

87a.  93 

853.39 

1228,22 

3709 

368.(53 

873,43 

852.94 

1236,37 

3737 

369-10 

373,91 

853-50 

1236-61 

3745 

309  57 

374.40 

852.35 

1226.86 

3763 

870.04 

374,89 

851.90 

1320,80 

3781 

370,51 

375.38 

851.56 

1326,94 

3799 

370,97 

375.88 

851.22 

]'.'27.n8 

8817 

871.44 

376.31 

8.50.88 

1337,33 

3885 

871.90 

378.83 

350.54 

1227.37 

3853 

372.38 

377.30 

850.20 

1327.31 

8871 

372.82 

377.78 

S49.86 

1227.65 

8889 

378.57 

878,23 

849.58 

1237.78 

8807 

873.78 

378.72 

849.30 

1227,93 

3035 

374.18 

879.10 

848.80 

1228.00 

3944 

374-63 

379.68 

848,53 

1228,20 

3063 

375.08 

880.13 

848.20 

13i8.33 

3980 

37.1 -5i 

380.59 

817,88 

1238.47 

3099 

875.07 

381.05 

847,55 

1238.61 

4017 

378.41 

381.51 

847  U3 

1235.74 

4085 

37S  80 

381. H7 

846-90 

1228.87 

4063 

377.^9 

a83,42 

S4U.5S 

1239.01 

4073 

377.72 

382-88 

846. -26 

1220.14 

4089 

3:8. 1'l 

383,3;) 

845-94 

1229.37 

4107 

378.59 

38:|-'i8 

84S,02 

1129 -41 

4135 
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TABLE  No.  \.— Concluded, 


Pregs- 

Sensible  Heat 

Total  Heat 

lire 

Temperature. 

above 

Latent  Heat. 

above 

zero. 

zero  Fahr. 
B.T.U. 

zero  Fahr. 

Lbs.  per 
sq.  in. 

Fahr.  Deg. 

B.T.U. 

B.T.U. 

194 

879.02 

8S4.23 

845.80 

1229.54 

195 

879.45 

384.67 

844.99 

1229.67 

196 

879.97 

885.12 

84i.68 

1229.80 

197 

380.30 

385.06 

844.36 

1229  98 

198 

380.72 

886.00 

844.05 

1280.06 

199 

881.15 

886.44 

843  74 

1280  19 

200 

881.57 

886.88 

848.43 

1280.81 

201 

881.99 

887.82 

848.12 

1280.44 

202 

882.41 

887.76 

842.81 

1280.67 

203 

382.82 

388.19 

842.50 

1280.70 

204 

383.24 

888.62 

842.20 

1280  82 

205 

883.65 

389  05 

841.89 

1280.95 

208 

884.06 

889.48 

841.59 

1231.07 

207 

884.47 

889.91 

841.29 

1281.20 

208 

384.88 

890.33 

840.99 

1281.82 

209 

385.28 

390.75 

840.69 

1281.45 

210 

885.07 

191.17. 

840.89 

1281.57 

TABLE  No.  2. 

QUANTITIES    OF    HEAT    CONTAINED    IN    ONE     POUND    OF    WATBB    A' 
TEMPERATURES,   RECKONED  FROM  ZERO,   FAHRENHEIT. 

[From  Charles  T.  Porter's  treatise  oq  ITie  Richards'  Steam-Engine 


Temperature. 

Heat  contained 
above  zero. 

Temperatnre. 

Heat  contained 
above  zero. 

Temperature. 

H 

Fahr.  Deg. 

B.T.U. 

Fahr.  Deg. 

B.T.U. 

Fahr.  Deg. 

85 

35.00 

155 

155.88 

275 

40 

40.00 

160 

160.87 

280 

45 

45.00 

165 

165.41 

285 

50 

50.00 

170 

170.45 

290 

55 

55.00 

175 

175.49 

295 

60 

60.00 

180 

180.54 

800 

65 

65.01 

185 

185.59 

805 

70 

70.02 

190 

190.64 

810 

75 

75.02 

195 

195.69 

815 

80 

80.08 

200 

200.75 

820 

85 

85.04 

205 

205.81 

825 

90 

90.05 

210 

210.87 

380 

95 

95.06 

215 

215.93 

885 

100 

100.08 

220 

221.00 

840 

105 

105.09 

22,5 

226.07 

845 

110 

110.11 

230 

231.15 

850 

115 

115.12 

235 

236.28 

855 

120 

120.14 

240 

241  81 

860 

125 

125.16 

245 

246.39 

865 

130 

130.19 

250 

251.48 

870 

135 

135.21 

255 

256.57 

875 

140 

140.24 

260 

261.67 

380 

145 

145.27 

265 

266.77 

886 

150 

150.30 

270 

271.87 

890 
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NOTE. 

'HiiB  r«port.  presented  as  one  of  the  pnpera  of  the  Qnciuuali  ConreDlloD  of  tlie 
^'ety  in  May,  1690,  ia  printed  here  for  drruliitios  among  tlioBe  interested  and 
with  a  view  to  elicii  diijensBioD  and  Boggeslton.  When  hucIi  criticlBm  ht,»  beeo 
'MetYeii  and  conaidered.  iht  report,  with  appended  discuRBion,  will  be  presented 
"" "ceepdnce  as  the  linal  views  or  tbe  Committee,  to  receive  tlie  nsual  action  of 
lie  SotietT  upon  reports  of  this  kind. 

Seerelarff. 


68fi 


RKPORT  ON  DUTY  TRIALS  OF  Pf 


/BY. 


TABLE  No.  1.— r 


11  n^ 
ab<»vi* 
zero. 


Lbs.ptT: 
»q.  In.  : 


Temperature. 


Falir.  Deg. 


Sensible  Heat 

above 

zero  Fahr. 


I 


104 
195 

im 

197 

198 
199 
200 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 


379.02 
379.45 
879.97 
380.80 
880.72 
881.16 
881.67 

881.99 
888.41 


B.T.U. 


Axxn. 


8H4 

88^ 

9'     rERS'  THEORY  OF  THE  ST. 

rfU MENTAL  AM)  AXALYTIV. 

K.  II.   TllVKf«TON,   ITIIACA,   N.   T. 

vr  of  the  Society  and  Past  Prt'!*i(lent.) 


r) 


r       ^afc  mathematical   physicists,  Raukin( 
^    y'^^ch  iu  his  own  way  and  independeiitly,  de 


'   *  %ith^^^y  of  the  steam-engine  and  creating  tl 
*;^'Lfiiio(lynamics,  engineers  who  were  less  fj 
'!^t"y.7(;sophy  of  the  subject  on  that  side,  but  wh 


^.jfliiliar  with  it  as  practitioners  and  in  its  pr 
A^'f   were  seeking  to  ascertain  the  facts  and  those  n 
..^A*'!*  j,^g  which  are  required  in  the  construction  of 
i'^^'^^iencQ  of  heat  utilization  in  such  machines. 
/*^    Lj  Kinnear  Clark  and  the  two  great  pioneers  in  c 
^  Jvnamic  science  were  working  contemporaneousl 
'^^  0  ascertain  just  where   and  how  heat  was  utilize 
teA ;  the  others  to  ascertain  just  what  were  the  laws  o 
-rf  transformations,  and  the  theoretical  efficiency  o 
fl/riiies.     This  work  began,  with  all  three,  previous  to 
uelore  tlie  new  science  had  become  recognized  and  ha< 
^ven  a  permanent  place  and  form,  M.  G.  A.  Hirn  took 
^ork  inaugurated  by  Clark  (1855  and  later),  and  was  e: 
for  many  years  thereafter  in  the  prosecution  of  researche 
whidi  to  base  what  he  has  called  his  "  Experimental  Th< 
the  Steam-Engine  ; "  meaning  by  this  a  philosophy  estal 
upon  a  basis  of  experiment  as  distinguished  from  the, 
sons(s  rational  but  restricted  tlieory  of  the  ideal  engine  o 
tlicriiio  dynamics. t     Messrs.  Ishorwood  and  Emerv,  and 
on  this  side  of  tlie  Atlantic,  corroborated  the  work  of  the 
explorers  of  what  was  then  a  now  fiehl  of  scientific  investi* 
and  their  oxplanatious  of  the  real  ])liy3ical  nature  of  th< 

'•'  S»'<*  IJiinkinr's  Mii^i'dhmrous  Pap'rs  ;   VhtuMnv   Warmitheorie,  1856 
lid  il innj  M.  irli  Im  ri/ ,  1 H.")  1  -oi5 . 
f  Sec*  Hirn\s  Tfnrino  dt/namiqnn,  Paris,  1870. 
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plex  phenomena  which  characterize  the  working  of  every  real 
ateam-engiue,  as  distiDguisbeil  from  the  thermo- dynamic  ideal, 
have  finally  given  us  a  perfectly  clear  and  unquestionable  knowl- 
edge of  the  subject,  and  have  furnished  the  basis  as  well  for  a 
correct  applied  theory. 

The  enormons  discrepancies  between  the  computed  efficiencies 
of  the  steam-engine,  as  obtained  through  the  processes  devised 
by  Bankine  and  Clausius.  and  the  actual  efficiencies  attained  by 
the  real  engine,  even  under  the  most  favorable  circumstances — 
differences  amounting  often,  as  stated  by  Him,  to  30  or  50,  or 
even  at  times  to  60  or  70  per  oenL — were  immediately  accounted 
for  when  these  experimenters  had  traced  the  progress  of  heat- 
energy  through  the  machine,  and  had  shown  the  method  of 
its  disposition  not  only  by  transformation  into  work  and  by 
necessary  tlierrao-dynaniic  waste,  but  also  by  physical  wastes 
and  by  transfer  by  absorption  and  storage  with  later  rejection 
and  loss,  without  transformation  into  mechanical  energy.  The 
explanations  of  Clark,  of  Hirn,  and  of  Isher wood— who,  in  his 
Researches  in  Engi'neerwtf,  *  gives  a  very  complete  and  beauti- 
ful description  of  the  latter  operation,  as  illustrated  by  bis  own 
experiments — although  they  were  disputed  very  eai-neatly  at 
times,  and  by  some  of  the  ablest  men  of  science  in  Europe  and 
the  most  experienced  engineers  in  both  countries,  became  ac- 
cepted immediately  upon  the  conclusion  of  a  discussion  in  which 
Him  and  Hallauer  took  the  leading  part  on  behalf  of  the  mod- 
em view ;  and  pure  thermo-dynnmics  Ijecnme  an  admitted  essen- 
tial element  in  the  theory  of  the  heat-engines,  while  the  science 
of  thermal  phywics  was  also  permitted  to  assume  its  rightful 
place  as  being  no  less  essential  as  one  of  these  two  great  divis- 
ions of  the  philosophy  of  the  steam-engine. 

The  results  of  twenty  years  of  patient  and  skilful  work  in  ex- 
perimental research  on  the  part  of  Hirn,  assisted  by  his  able 
lieutenants,  were  summarized  in  his  great  work  on  thermo-dynam- 
ics,  published  in  1876,  and  it  was  at  about  this  time  that  i)he 
world  began  to  perceive  their  scientific  value  and  their  import- 
ance in  application.  During  the  nest  two  years  we  find  traces 
of  the  application  of  the  clean-cnt  methods  of  Hallauer  in  math- 
ematical discussions,  and  those  distinguished  allies  of  the  great 
physicist  and  engineer,  Messrs.  Leloutre,  Grosseleste,  and  Dwels- 
hauvers-Derj',  appear,  reenforcing  his  party,  in  1875.     The  last- 
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named  enginoer  and  scientist  began  his  acquaintance  with  M. 
Hirn  by  friendly  criticism  of  the  work  of  the  latter  aa  early  aa  j 
1873,  and  joined  the  committee  of  self-constituted  aids  in  1875,  I 
for  the  purpose  of  repeating  and  checking  tbe  work  of  the  re- 
vealer  of  tlie  then  novel  facts  relating  to  heat-conversion  in  the   , 
heat-engine.    Hirn's  statements  and  views  were  fully  confirmed, 
and  the  world  bas  since  accepted  them.     In  promoting  this  ac- 
ceptance, the  work  of  M.  Dwelshauvers  and  his  comrades  had  no   , 
small  effect. 

Hirn  had  thus  begun  this  work  at  an  early  date  and  in  a  purely 
scientific  spirit.  He  had  noted  the  discoveries  of  that  great 
genius,  Mayer,  in  1842.  and  of  his  more  renowned  successor. 
Joule,  only  after  he  had  himself  endeavored  to  effect  a  solution 
of  the  very  same  question  :  Is  heat  a  substance,  or  is  it  a  form 
of  energy  capable  of  and  requiring  transformation  in  the  proiluc- 
tion  of  its  observed  mechanical  effects  ?  He  had  reached  the 
same  and  the  correct  conclusion,  and  in  1848  published  his  de- 
ductions, of  which  he  only  became  aware  of  the  previous  proof 
I  several  years  later,  iu  1854  He  had  proved  tliem  true  in  the 
ease  of  friction  ;  they,  tor  the  general  case.  Immediately  there- 
after he  tnok  up  his  now  famous  experiment,  proving  the  conver- 
sion of  heat  into  work  in  the  steam-engine,  in  its  regular  opera- 
tion, and  on  a  large  scale, 

Hirn  published  his  final  results  in  185.5  and  later,*  and  was 
able  to  show  not  only  that  the  ideas  as  to  the  nature  of  heat 
assumed  by  Carnot  in  his  then  comparatively  unknown  treatise 
were  incorrect,  but  also  that  his  own  idea,  that  now  accepted, 
was  right,  and  that  heat  disappears,  as  such,  in  the  course  of  the 
passage  of  heat-energy  through  the  engine.  He  also  proved  the 
value  of  the  steam-jacket  on  his  owd  engine,  which,  as  he  stated, 
furnished  108  H.  P.  with  it,  and  but  82  without  it.  On  the 
former  point  he  says  that  his  experiments  "completely  con- 
firm the  modern  theory.  .  .  .  Heat  iu  a  steam  motor  is  not 
only  dispersed,  but  also  disappears;  and  the  power  obtained  is. 
exactly  proportional  to  the  quantity  of  fluid  which  disappears  as 
heat  to  reappear  as  motive  power."  Hirn  considered  Mayer's 
ideas  completely  sustained  and  verilied.  He  then  went  on  with 
his  work  in  this  direction,  proving  the  accuracy  of  the  mathe- 
matical prediction  of  Eunkine  and  of  Clausius,  that  steam  must 
condense,  ordinarily,  while  doing  work  by  espansion.  and 
"  JiuUetin  dt  In  .•ioeieli  IiidiiaCrielh  dc  MuIIiiium. 
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_lhowed,  also,  that  some  vapors,  as  sulphuric  ether,  must  super- 
■^eat  under  similar  circurostanceB.  It  was  this  series  of  experi- 
fsients,  also,  which  led  Him  to  become  the  earnest  advocate  of 
i  use  of  superheated  steam.     In  his  hands  it  proved  a  grand 


Dnriiig  tbia  experimeDtal  period  of  Hirn's  labors,  he  suo- 
ftoeeded  in  constructing  a  tlieory  of  the  action  of  the  engine 
which  was  satisfactory  to  himself,  as  to  other  practical  en- 
gineers and  to  those  interested  in,  and  familiar  with,  the  ap- 
plied sciences.  This  was  published  in  his  great  work  on 
thermo  dynamics,  in  1876.  In  it  are  presented,  for  the  first 
time,  the  theory  and  the  science  of  the  real  steam-engine,  as 
distinguished  from  the  ideal  engine  treated  of  by  the  writers  on 
pure  thermo -dynamics.  It  remains  to-day  the  only  treatise  of 
that  character,  although  portions  of  the  field  have  now  been 
traversed  by  Cotterill  in  England,  and  by  Ledieu  and  others 
on  the  continent  of  Europe.  But  this  expression  of  the  Hifu 
theory  and  system  was  still  somewhat  abstruse  to  the  average 
engineer,  as  to  the  average  mathematical  reader,  and  it  remained 
for  some  one  familiar  alike  with  the  ideal  and  the  actual  case  to 
formulate  and  sum  up  Hiru's  theory  as  a  general  science  of  the 
heat-engine. 

This  was  done,  in  1878  and  later,  by  M.  Dwelshauvers- 
Dery,  a  distinguished  professor  in  the  School  of  Mines  of  Liege, 
Belgium,  now  an  honorary  member  of  the  American  Society  of 
Mechanical  Engineers.  These  articles  appeared  in  the  R'vue 
Univereelk  des  Mines  de.  Liecie  (IS78-80),  beginning  with  an  his- 
torical sketch  of  the  labors  of  Hirn  and  his  collea^es  in  the 
experimental  and  theoretical  work  of  developing  a  "Practical 
Theory  "  of  heat-engines,  and  then  followed  au  "  Expm^  mtccind  de 
la  Tlimrk  pratique  des  Mo/eurs  a  Vajjeur"  (1880 1,  in  which,  as  ad- 
mitted by  Zeuner,  then  its  most  formidable  contestant,  was  for 
the  first  time  given  a  thoroughly  scientific  general  theory  of  the 
real  engine.  This  work,  performed  hand  in  hand  by  the  two 
philosophers,  welded  an  acquaintance  into  firmest  friendship, 
and  their  constant  fellowship  in  spuit  and  in  their  common 
tasks  continued  to  the  end  of  Hirn's  long  and  fruitful  life. 

The  mathematical  and  algebraic  work  of  reduction  of  Hiru's 
theory  of  the  real  working  steam-engine  was  thus  finally  the 
task  of  M.  Dwelshauvers.  This  work  began,  on  the  part  of 
the  latter,  as  early  as  1873,  when  he  first  had  the  opportunity  to 
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make  the  acquaintance  of  his  great  preceptor.  Him's  wor!!^ 
then  but  little  known.  His  efforts  toward  the  experiments^ 
velopment  of  the  science  of  the  heat-engines  date,  proper*/. 
far  back  as  1855  ;  for  in  that  year  he  presented  his  first  memoiro 
steam-jackets  to  the  Societe  Industrielle  de  Mulhonse.  ^esm 
Leloutre  and  Hallauer  repeated  Him's  experiments ;  hut  no 
elaborate  and  satisfactory  series  of  trials  of  the  engine,  or  anj 
similar,  were  made  until,  in  1873,  the  commission  aboveiuunei 
was  formed,  out  of  pure  scientific  interest  in  the  matter,  aa 
M.  Dwelshauvers  and  his  colleagues  made  a  very  careful  an 
thorough  confirmation  of  the  earlier  work.  From  1873  to  IS*! 
Hallauer  worked  with  and  for  his  chief,  with  most  admirable  ai 
fruitful  effect.  Dwelshauvers'  history  of  this  work,  and  of  tl 
subject  to  the  date  of  his  paper,  gives  a  carefully  prepared  £ 
count  of  the  gradual  recognition  of  the  effect  of  the  metsJJ 
walls  of  the  working  cylinder  in  the  waste  of  heat  and  stea: 
and  of  the  gradual  recognition,  also,  of  the  value  of  Hin 
labors,  as  well  as  those  of  Clark  and  of  Isherwood  and  lat 
writers.  The  paper  was  not,  however,  generally  known,  havi 
been  left  in  its  original  form  in  the  transactions  of  the  soeie 
mentioned,  and  never  put  into  permanent  shape  by  publicati 
in  book  form. 

The  next  work,  in  this  direction,  by  Dwelshauvers,  was  t 
preparation  of-  his  "formulated  theory,"  as  given  in  his  JEitp 
(1880).*  It  was  this  work,  perhaps  quite  as  much  as  the  p< 
sonal  statements  and  writings  of  Hirn,  which  led  to  the  w 
famous  discussion,  in  which  Professor  Zeuner,  himself  a  gre 
authority  in  thermo-dynamics,  led  an  attack  upon  the  "  expe 
mental  theory  "  by  asserting  that  it  must  be  the  mist  suspend 
in  the  steam,  and  the  water  condensed  in  the  cylinder  of  t 
steam-engine,  wliich  so  seriously  invalidated  the  thermo-dynan 
theory  as  applied  to  the  real  case.  Thus  opened  the  campai 
between  the  advocates  of  the  respective  merits  of  "iron  a 
water  as  wasters  of  energy."  This  discussion  led  to  the  si 
further  development  of  his  algebraic  theory  by  Dwelshauve 
who  thus  brought  it  into  its  existing  form  ;^1882) — a  form  whi 
is,  as  far  as  it  goes,  satisfactory  to  the  practitioner  as  well  as 
the  savant.  It  had  hitherto  been  the  fact  that  the  so-c<all 
theory  of  the  steam-engine  had  been  as  purely  an  abstractic 
and  as  absolutely  useless  to  the  engineer,  as  is  the  pure  theo 

*  Mevue  Universelle  des  Mines,  LUge,  1883,  ei  seq. 
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the  motion  of  a  partiele.     It  reqoired  to  be  supplfemented  by 
le  physical  theory  of  the  Tarious  metbotle  of  heat-transfer  aud 
.eat-waste,  oeunrring  in  the  real  engine,  to  give  it  any  Talue  for 
practical  purposes,  or  to  make  it  satisfactory  as  well  as  interest- 
ing to  the  practitioner.      These  elements  were  supplied  by  the 
esperimeuts  of  Clark,  Hiru,  and  laberwooil,  supplemented  by  the 
approximate   matliematical   treatment   of    Hiru   and   Cotterill, 
refined  by  the  later  work  of  Dwelshauvers. 
The  latter  introduced  new  matter,  as  well  as  recoustmcted 
]    the  older  work  of  Hirn.    The  great  investigator  had  studied  the 
*    Mtion  of  the  cylinder  and  of  the  engine,  stroke  by  stroke,  for- 
ward and    backward,  in    the    production   of    internal   wastes. 
Dwekbauvers  divided  the  cycle  into  four  phases,  studying  each 
in  turn,  and  thus  analyzing  more  completely  the  methods  of  flow 
and  of  heat-transfer,  producing  that  now  familiar  discrepancy 
between  the  predicted  results  of  tbermo-dynamics  and  the  act- 
ual performance  of  the  real  engine.     Admission,  expansion,  ex- 
haust or  eduction,  and  compression,  were  thus  made  the  subject 
of  aepflrate  investigation,  and  equations  were  prudut^cd,  exhibit- 
ing, each  by  itself,  the  quantities  of  heat-movement  as  effected 
through  the  steam  and  through  the  conductivity  of  the  metallic 
surfaces  as  well.     This  was  a  new  and  important  st^p,  and,  so 
'ar  as  in   now  knowu,  was  eniirply  tlie  work   of  Dwelshauvers, 
This  gave  the  means  of  exhibiting  the  net  action  of  the  waste- 
producing   elements   throughout  a  cycle   of   the   engine.     The 
heat  transformations  effected  by  the  action  of  the  steam  as  work- 
ing fluid  had  been  noted  by  Him  in  1855 ;  but  of  the  six  equa- 
tions now  presented  in  the  works  of  Dwelshauvers,  five  were  of 
his  own  and  original  construction.    The  "  experimental  theory  of 
'he  steam-engine,"  as  it  was  denominated  by  Hirn,  was  apparently 
ofat  conceived  by  that  distinguished  engineer,  and  the  theory 
'^'is  by  him  fully  explained ;  while  the  algebraic,  the  formulated 
theory,  as  it  to-day  stands,  is  due  to  Dwelshauvers-Dery. 
_  -A.  gi-aphical  analysis  of  the  processes  thus  formulated  was  de- 
^  'Sed  by  Dwelshauvers-Dery  in  or  before  1888,  and  was  published 
^y    him  in  that  year,  and  in  ttie  hands  of  Professor  Unwiu,  of 
^*«irflamet,  of  Sinigaglia,  in  England,  in  France,  and  in  Italy,  it 
■^"^iS  been  already  made  to  exhibit  with  greater  clearness  than 
^«r  before  what  are  the  conditions  which  obtain  in  the  working 
^'linder  of  every   heat-engine,  and  which  distinguish  the  real 
*"^tn  the  ideal  case. 
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Dwelshauvers  has  done  much,  also,  to  popularize,  in  Euxxj 
the  modern  and  accepted  theory  of  the  real  engine.  He  has  ej 
deavored  to  exhibit  the  action  of  the  steam-jacket,  to  show  ir^ 
is  the  modification  of  the  action  of  the  metallic  interior  of  iie 
engine,  by  the  introduction  of  that  wasteful  element  to  cotinter- 
act  in  many  cases  a  greater  waste,  and  he  has  sought  to  show 
the  influence  of  the  experimental  philosophy  of  the  engine  npox 
the  proportions  and  the  working  of  the  condenser.  He  ha 
observed  the  fact  of  a  maximum  ratio  of  expansion  appropriat 
to  the  condition  of  maximum  efficiency,  as  determined  by  tb 
variation  of  this  waste,  previously  unobserved,  and  is  engage 
in  the  construction  of  its  theory  in  accordance  with  his  pal 
lished  theory  of  heat-expenditure,  reducing  all  to  a  commo 
basis  and  philosophy.  In  common  with  all  experienced  eng 
neers,  he  hopes  to  see,  ere  long,  a  working  theory  of  the  hea 
engines  so  complete  that  it  may  serve  for  a  working  theory  fi 
the  designer  and  the  constructor,  as  well  as  for  the  user  of  tl 
engine. 

Some  of  this  work  of  Dwelshauvers-Dery  has  been  translati 
by  Mr.  Donkin,  and  published,  from  time  to  time,  in  LcmA 
Engineering  ;  other  portions  remain  untranslated,  and  are  only 
be  found  in  the  Revue  Universelle  dea  Mines;  but  its  essenti 
portions,  it  is  hoped,  may  be  hereafter  presented  to  the  Englis 
speaking  members  of  the  profession  through  his  papers  for  tl 
American  Society  of  Mechanical  Engineers. 

It  is  thus  that,  mainly,  or  at  least  very  largely,  in  the  worl 
of  Hirn  from  1855  to  date  nearly,  and  in  those  of  M.  Dwel 
hauvers  from  1880,  that  we  must  to-day  look  for  the  formulate 
theory  of  the  steam-engine,  of  any  real  heat-engine. 

M.  Dwelshauvers  presents  his  algebraic  treatment  of  tl 
operations  studied  and  described  by  Him  in  the  following  form 

I.  In  any  steam-engine,  the  fluid  arrives  at  the  cylind 
charged  with  a  certain  number  of  calories  of  heat,  of  which 
surrenders  a  portion,  then  passes  on  into  the  condenser,  the 
heating  the  water,  supplied  at  a  lower  temperature.  It  brin 
in  Q  calories  and  retains  c  calories,  which  latter  are  finally  di 
tributed  to  the  water  of  condensation.  The  difference,  Q  - 
calories  lost  en  route,  are  composed  of  :  (1)  7^  units  which  aer 
to  produce,  by  transformation,  the  external  work  of  the  engin 

*  Rtitue  Unhcradle  des  Mines,  Lihge,  1880. 
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i'uQJts  lost  by  radiatioD  and  oonduetion  externally;  (3)  C 

i  distributed  in  the  condensing  water,  supplied,  originally,  at 

yet  tempera  tare. 

'.  there  is  a  "  jacket,"  the  condensation  taking  place  within  it 

«  to  the  steam  in  the  cylinder  another  quantity,  q  units,  of 

t,  which  most  be  added  to  Q,  that  supplied  by  way  of  the 

iiB-pipe. 

i^hnswe   obtain,  obviously,  the   loUowing   equation,  simply 

inming  that  no  heat  is  either  created  or  annihilated  in  this 

3c«aB: 

Q  +  q^c=  T  +  E  +  C; 

Q  +q^  Ta-  E  +C  +  1: (1.) 

Or :  the  sum  of  the  quantities  of  heat  imported  into  the 
QTlinder  is  equal  to  the  sum  of  those  equivalent  to  the  external 
TOrk,  the  heat  expended  upon  the  surrouuding  air,  that  given  up 
to  the  condensing  water,  and  that  remaining,  finally,  in  the  water 
•vi  condensation. 

This  18  a  fundamental  principle  deduced  from  our  knowledge 
of  therm o- dynamics. 

II,  But  if    the  steam    coming  from    the  boiler  is  subject   to 

cfiange  of  temperature  and  of  physical  state,  some  other  part  of 

""^  system  must  also  be  subject  to  complementary  variations  of 

""iperature.     This  variation  is  what  is  observed  iu  the  sur- 

'^^nding  walls  of  the  steam-cylinder.     But  these  surfaces  must 

w-aya  return,    at   each   completion   of  a   cycle   of   kiuematic 

*^ges,  to  tlieir  initial  state,  and  precisely  ;  for,  otherwise,  the 

-  linder  would  either  rise  or  fall  in  temperature,  as  the  engine 

'   itinues  its  operation,  and  indefinitely.     We  may  hence  con- 

'  ""Kie,  according  to  Hirn  and  Dwelshauvers  : 

'  The  total  quantity  of  heat  received  by  the  metallic  wall  of 
be  cylinder  is  equal  to  the  sum  of  those  quantities  restored  by 
^^  in  the  same  cycle." 

■Traiislating  this  principle  into  symbols,  we  have  the  following  : 
The  action  of  the  system,  at  each  stroke,  includes  : 
^  Units  of  heat  sunendered  to  surrounding  objects  by  conduc 
tion  and  radiation. 

^  Units  received  by  the  walls  of  the  cylinder  by  condensation 
0'  steam  within  the  jacket. 


696  HIRN  AND   DWELSHAUVERS'  THEORY. 

Ra  units  yielded  to  the  walls  by  the  steam  daring  its  admi 
sioD,  on  coming  in  contact  with  the  comparatively  cold  metal 

Rg  units  restored  by  those  walls  during  expansion,  and  take 
up  again  by  the  expanding  steam. 

lie  units  surrendered  back  by  the  walls  of  the  cylinder  dorio 
the  period  of  condensation,  thus  sending  forward  into  the  coi 
denser  substantially  all,  ordinarily  at  least,  of  the  fluid,  a 
steam,  into  the  condenser. 

Then  we  have,  as  the  action  of  the  walls : 

q-  E  ^^  Ra-  R,-Rc=  0; 
or, 

q  +  Ra  =  E  +  R^  +  Re. (2.) 

But  the  three  quantities  R  are  related  through  the  physical 
conditions  which  follow : 

A  certain  quantity  of  heat,  Q,  is  brought  from  the  boiler.  At 
the  close  of  the  admission  period  this  is  partly  condensed,  and 
a  smaller  quantity,  Uq,  remains.  At  the  close  of  the  expansion 
period  there  remains  but  Ui  units  of  heat ;  and,  when  the  exhaust 
is  concluded,  we  have,  Anally,  in  the  clearance  spaces,  a  small 
proportion  of  the  steam,  in  which  is  stored  but  U^  units.  The 
total  quantity  of  heat  which  has  taken  part  in  the  operation  o 
a  cycle  is  thus  Q  +  Z^^     Now  let 

Ta  units  measure  the  heat  equivalent  to  external  work  duritti 
admission. 

2\  units,  the  heat  equivalent  to  external  work  of  expansion. 

Tc  units,  that  expended  during  compression,  and  having,  c 
course,  the  opposite  sign. 

Then 

The  following  principles  logically  result : 

III.  The  heat  L\  possessed  by  the  fluid  at  the  end  of  admit 
sion  is  equal  to  the  heat  Q  brought  from  the  boiler,  plus  th 
heat  U..  of  the  steam  already  filling  the  clearance  and  "  dead 
spaces,  minus  that  which  corresponds  to  the  external  work  i 
admission,  jT^,  and  minus  Ra,  that  which  is  yielded  to  the  cylii 
der  walls  during  the  same  period. 

Or, 

U^  =  Q+  Ut-Ta-R^    .    .    .    .     (3.) 
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J  IV.  The  heat  remainmg  in  the  fluid  at  the  end  of  expansion, 
Ktr,.  is  equal  to  the  heat,  K,  at  the  beginiiing  of  that  jjeriod,  plus 
rflie  qaaotity,  Hg,  received  from  the  cylinder  walls  during  expan- 
1  moD,  and   minus  that,  T„  equivalent  to  the  external  work  of 


apousion. 
Or, 


(4-) 


I  The  steam  at  the  beginning  of  the  exhaust  period  con- 
taina  T,  units  of  heat.  Now,  K^  is  received  from  the  cylinder 
Tilla  during  the  period  of  exhaust ;  T^  comes  from  the  external 
TTork  of  compression ;  but  C  units  are  surrendered  to  lieat  the 
condensing  water,  and  ':  only  is  left  after  its  own  condeneation ; 
the  remainder,  Uj,  is  that  left  in  the  clearance  spaces  for 
tlie  next  stroke.     Whence, 


U,  =  U,  +  E,  4 


(5.) 


Only  three  of  the  quantities  which  enter  these  five  equations 
ite  necessarily  obtained  by  experiment ;  these  are  iif„,  i?„  Sg, 
tMeh  relate  to  the  internal  transfers  of  heat,  produced  by  the 
Mtiiffl  of  the  cylinder  walla. 

Three  of  the  five  equations  may  therefore  be  made  to  deter- 
imnB  tlie  three  unknown  quantities,  and  the  other  two  will  check 
Ite  esperizueuta 

It  will  thus  evidently  be  convenient  to  rearrange  the  equations 
thus: 


B.=  Q  +  U,-V,-T^    .    . 

■    {A.) 

R,=  U,-  Jj\  +  T, 

■    {B.) 

E,=  U,-  U,-T,+  C+e.  . 

■    (C.) 

S.-R,-E,^E-q.      .    . 

■    {!>■) 

Q  +  q=T+E+C  +  c.    .    . 

.    (E.) 

^  hese  equations  are  perfectly  general,  and  apply  to  any  kind 
•^eat-engine  and  to  steam-engines,  simple  or  compound,  with 
*lthout  jackets,  and  with  or  without  superheating. 
^^  is  readily  seen  that  equation  D  shows  that,  if  the  external 
'latiou  may  be  neglected,  the  sum  of  the  quantities  of  heat 
Pj>Hed  by  the  jacket,  7,  and  by  the  steam,  Ii„,  is  equal  to  the 
*^  of  the  quantities  restored  by  the  surfaces  of  the  cylinder,  to 
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the  stoam,  and  usefully,  during  the  expansion,  7?^  and  that  losl 
entirely  during  condensation,  7?^.  It  is,  therefore,  the  relatioi 
of  i?^  to  (>  4-  7  —  r  that  determines  the  relative  loss  due  to  the 
action  of  the  walls,  in  engines  subject  to  such  comparison,  and 
which  thus  furnishes  a  means  of  comparison  of  their  relatiTC 
economical  standing. 

This  brief  analysis  and  exposition  of  the  work  of  onr  ool 
leagues,  the  great  engineer-physicist  who  has  just  left  us  an^ 
his  able  disciple,  will  serve  to  show  the  general  methods  c 
treatment  of  this  only  recently  understood  process  of  interns 
waste ;  and  the  illustration  of  their  practical  application  mi^ 
be  sought  in  the  papers  of  Hirn,  in  his  treatise  on  therms 
dynamics,  in  the  contributions  of  Hallauer  and  of  Dwelshanv^- 
to  the  linlli'tin  <Je  In  Sociefe  Industrielle  de  MvUiouse  and  the  Bt^y^ 
Universelle  des  Mines,  and,  we  may  perhaps  venture  to  hope, 
those  to  be  presented  by  the  latter  to  the  American  Society 
Mechanical  Engineers. 

DISCUSSION. 

Prof,  ir,   ir.  Spmigler. — In  the  paper  by  the  author,  read 
the  New  York  meeting,  so  much  of  a  topic  cognate  to  that  Ker 
in  treated  was  discussed  by  the  Society,  that  I  should  not  ca: 
to  reiterate  the  opinions,  expressed  at  that  time,  for  publicatic 
in  the  same  vohime  of  transactions. 

The  historical  part  of  the  paper  is  of  interest,  but  the  math 
matical  treatment  of  the  subject  of  the  real  engine,  follows  vei 
closely  the  lines  of  tlie  previous  discussion. 

Frof.R,  TL  ThuYHtom* — This  subject  is  so  important,  both  W 
torically  and  from  a  scientific  point  of  view,  that  I  feel  sure  th 
I  may  be  excused  if  I  have  taken  a  little  space  for  it.  It  is  reoo 
nized  by  Zenner,  and  all  later  authorities  as  the  most  importo 
of  recent  extensions  of  the  philosophy  of  the  heat-engines. 

I  find  that  the  mistake  has  sometimes  been  made  of  confotax 
ing  the  work  of  Dwelshauvers-Dery  with  that  of  Zeuner  hiia^^ 
instead  of  recognizing  the  latter  as  indebted  to  the  former  ^ 
its  first  expression,  as  has  been  shown,  in  detail,  by  Prof©^* 
Schmidt,  of  Prague  ;  the  notation,  however,  having  been  alfc^' 
to  correspond  with  that  customarily  adopted  by  that  wri* 
(See  Rtjvue  IhuveraeUe  des  Mines,  t.  XIL,  1882.) 

^Author's  closure,  ander  the  Roles. 


SENsmrENESB  OF   AUTOMATIC  SPKINKLEEB. 


PSTERMIA'ATIO.Y  OF  TBS  SENSITIVENESS  OF  AUTO- 
MA  TIC  SPRINKLERS. 


AcTouATic  Sprinklers  for  the  extinKiiielinient  of  fires  are  intro- 
duced to  Bucli  an  extent  now  that  a  scientific  analjsJB  of  their  een- 
litiveness  is  a  necessity  in  order  to  fonn  a  correct  jndgnient  of 
their  true  action.  Let  it  be  premised  that  all  modern  automatic 
sprinklers  use  the  eame  low-fusing  solder  (155°  Fahr.)  for  holding 
their  outlets  closed.  Tet  the  time  and  temperatnre  at  which  the 
(older  fuses,  which  secures  the  valve  in  place,  vary  considerably 
titli  different  makes  of  sprinklers.  This  difference  in  time  and 
temperature  is  due  to  the  qnantity  of  solder  to  be  melted,  the 
smonnt  of  metal  with  which  the  solder  ia  in  actual  contact,  the 
Jiroximity  of  the  solder  joint  to  large  masses  of  metal,  and  the 
'train  iijion  the  solder. 

The  purpose  of  this  paper  is  to  correct  the  erroneous  opinion 
Dowlietd  as  to  the  actual  temperatures  at  which  automatic  sprink- 
1^1^  upen. 

Tlic  method  generally  pursued  to  express  the  sensitiveness  of 
'prinklers  is  to  place  the  sprinkler  to  be  tested  in  an  oven,  heated 
^y  a  common  gas  stove,  and  note  the  temperatnre  at  which  it 
"P^ita.     Such   tests,  so  broadly  stated,  give  rise  to  very  different 
PioiisJied  statements  of  their  sensitiveness.     There  are  many  de- 
tails connected  with  a  scientific  test  which  should  be  stated  with 
P''6cision  in  orr'er  to  make  tests  made  by  different  parties  eompara- 
'^'     Ovens  are  made  of  wood,  lined  with  tin,  iron,  and  glass;  and 
""^  sizes  of  ovens  vary  from  1  cubic  foot  to  2,400  cubic  feet ;  and 
'^    time  during   which  the  test  continues  is  never   mentioned, 
be  reading  of  the  mercurial  thermometer  to  a  fraction  of  a  de- 
"•"^e,  however,  is  regarded  as  ail-important,  and  tiiken  to  be  a  con- 
^>isive  and  correct  indication  of  the  sensitiveness  of  the  sprinkler. 
■*■'>«  writer  having  observed    these  published   results  for   many 
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years,  and  made  many  experiments  himself,  has  become  C( 
that  the  mercurial  thermometer  is  a  very  sluggish  means 
rectly  indicating  such  rapid-changing  temperatures  as  are  | 
within  an  oyen  heated  by  burning  gases. 

Air  carries  such  a  small  volume  of  heat  that  it  must  b 
to  quite  an  excess  of  temperature  above  that  indicated  by 
mometer,  in  order  to  make  the  thermometer  ascend  at  a 

responding  to  the  conditions 


r> 


Kg.  110. 

Test  Oven 

for 

Automatic  Sprinlclert. 


Sx4Mica 
WlndowB 


That  air  is  such  a  delicate  c 
heat  may  be  best   understoc 
we  consider  that  it  contains 
nVir  as  much  h^at  for  the  sam* 


3000 

as  water.  To  demonstrate 
cubic  foot  of  water  at  65 
weighs  62.3  lbs.,  and  a  cubi< 
air  at  the  same  temperature  0 
a  ratio  of  819  to  1 ;  and  as  thi 
heat  of  air  at  this  temperatui 
0.2377,  the  relative  volumes 
contained  in  the  two  subst^ 
as  3,025  to  1. 

A  hot-water  test  would  not 
cate  enough,  for  no  apprecial 
ence  in  the  sensitiveness  of  s 
would  be  disceiTiible  by  a  w, 
Air  remains  as  the  only  pi 
agent,  and  the  one  most  n( 
proximating  in  its  nature  to  actual  lires. 

But  the  practical  difficulty  is  in  tlse  mercurial  thermomc 
nothing  else,  however,  is  feasible,  the  only  thing  to  do  is 
mine  its  degree  of  tardiness.  This  I  have  done  in  the  f 
manner.  I  use  an  oven  8  inches  square  and  24  inches  d 
110),  open  at  the  bottom,  and  a  small  gas  stove  placed 
below  it,  to  send  the  hot  gases  upward.  The  cover  jo 
inches  from  the  top,  and  the  thermometer  projects  2  inchei 
top.  Two  small  vent-holes  (J  inch)  in  the  top  can  be  o 
closed  to  permit  of  different  rates  of  heating  the  ov( 
sprinkler  is  screwed  into  a  cross-pipe,  leaving  the  soL 
about  2  inches  from  the  top,  or  on  a  level  with  the  ther 
bulb.  The  heat  from  the  gas  stove  opens  different  spri 
from  1  to  3  minutes,  and  at  indicated  temperatures  rang 
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IWto  300°.  ThiB  time  mnj  be  considered  the  same  as  uanally 
ipersteB  in  actual  6res.  Having  obserfed  the  rise  of  temperature 
iatlieoven  every  10  eecouds,  its  varying  rate  is  obtained  and  re- 
Mrded  in  Table  A  and  graphically  illustrated  in  Fig.  Ill  for  a 
ilow-oven  test,  and  in  Table  B  and  Fig.  112  for  a  quicker  oven 
test.  Coluniii  2  in  each  case  gives  the  rate,  or  number  of  degrees ; 
llie  temperature  increases  every  10  seconds. 
To  determine  the  corrections,  the  thermometer  was  heated  over 

Fra,  118.  FiQ.  111. 


of  T*inp«r(lur 


'  gas  stove  to  300°  or  so,  and  instantly  removed,  and  its  fall  of 
^"iperatiire  noted  everj-  10  seconds  in  the  room,  which  was  at  73° 
^•^T.  Some  experience  was  necessary  to  accomplish  this  aatisfac- 
'^ly.  If  the  thermometer  were  allowed  to  hang  still,  the  air 
"^Uld  be  heated  above  tlie  normal  temperature  of  the  room  (73°), 
'^'J  lience  no  correct  knowledge  of  the  surrounding  temperature 
^Out  tlie  thermometer  would  be  had.  It  became  necessary,  the re- 
^t^,  to  fan  tlie  air  quite  violently  in  order  to  maintain  the  tem- 
*^ratiiro  about  the  thermometer  at  73°.  At  first  thought  this  may 
■^em  like  cooling  the  thermometer,  but  that  is  not  so — no  fanning 
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can  reduce  the  air  below  the  temperature  of  the  room.    The  cinm- 
lation  of  the  air  about  the  thermometer  in.  the  room  may  also  b& 
analogous  to  the  circulation  of  the  hot  gases  in  the  oven,  produced 
i)y  the  natural  ascent  due  to  their  great  lieat     Table  C  and  Fig. 
113  give  the  readings  of  the  thermometer,  and  cohimn  2  its  rat© 
of  decrease.     Column  3  is  the  difference  between  the  temperatnr^ 
of  the  thermometer  and  that  of  the  room.     Column  4  is  the  meaT^ 
difference  every  10  seconds,  and  column  5  is  the  mean  difference 
divided  by  the  amount  of  fall  every  10  seconds. 

The  factor  obtained  in  column  5  is  an  important  one.  It  is 
practically  a  constant,  7.80.  If  multiplied  by  the  amount  of  ri&c 
in  every  10  seconds  it  gives  the  number  of  degrees  to  be  added  to 
the  thermometer  readings  to  give  the  actual  temperature. 

These  results  are  given  in  column  3,  and  are  graphically  repre- 
sented in  Fig.  114. 

It  is  evident  that  the  factor  7.80  must  depend  upon  the  ch^i^ 
acter  of  thermometer  used.    The  one  used  in  the  foregoing  experi- 
ment was  graduated  to  350°,  on  a  length  of  14  inches,  and  l^sd 
quite  a  large  bulb.     In  order  to  ascertain  the  different  effect  on 
different  thermometers,  one  gmduated  to  700**,  on  14  inches,  arid 
having  a  comparatively  small  bulb,  was  used  in  like  manner    bb 
heretofore,  with  the  result  as  given  in  Table  D,  and  graphical// 
shown  in  Fig.  113. 

In  this  ciise  the  factor  5.44  was  found.  Although  not  quite  a 
constant,  it  is  near  enough  for  all  practical  purposes  to  make  it 
such. 

It  is  evident,  however,  that  in  all  accurate  tests  the  correctionB 
for  tardiness  of  thermometer  should  be  made  in  each  case. 

Fig.  114  is  a  graphical  representation  of  the  amount  to  be  added 
to  the  indicated  temperature  *for  every  probable  rate  of  increase 
of  rise,  in  order  to  obtain  the  actual  temperature. 

It  is  certain  that  temperature  alone  is  not  a  correct  expression  of 
the  actual  sensitiveness  of  automatic  sprinklers,  even  if  correction 
be  made  for  the  slowness  of  the  mercurial  thermometer  in  respond- 
ing  to  the  actual  increase  of  the  temperature  of  the  hot  gases.  The 
area  inclosed  between  the  actual  temperature  line,  the  time  line, 
and  the  temperature  of  the  room  line  is,  probably,  as  nearly  correct 
an  expression  as  is  possible  to  obtain.  This  area  might  be  termed 
Tlicrntal  Minutes^  and  in  this  manner  each  sprinkler  could  obtain 
a  factor  for  thermal  minutes  which  would  convey  some  intelligent 
idea  of  its  true  sensitiveness. 
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To  illustrate  t!ie  frequent  mifiiiBe  of  these  temperature  tests,  let  lis 
take  the  case  of  four  sprinklers  of  two  different  patterns.  A  parly 
subjects  his  own  sprinkler  to  an  oven  test  where  the  rise  of  tempera- 
ture is  such  as  to  open  the  sprinkler  in  1  minute  35  eeconds  (see  Fig. 
il3) ;  however,  he  takes  no  notice  of  this  time,  and  reads  the  ther- 
mometer at  the  precise  instant  the  sprinkler  opens,  at  216°;  but  the 
actual  temperature  is  about  305°.  He  then  places  the  sprinkler  of 
the  other  pattern  in  the  same  oven,  hut  owing  to  the  fact  that,  even  _ 
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with  considerable  well-intentioned  care,  the  oven  and  the  ther- 
mometer have  not  cooled  to  the  same  temperature  ae  when  he  tested 
his  own,  the  oven  now  heats  up  quicker  (see  Diagram  JI,),and  while 
the  sprinkler  opens  in  1  minute  16  seconds  (again  he  does  not  note 
the  time)  the  temperature  is  noted  with  exactness  at  238°,  but 
actually  about  374°. 
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lUB  extra  apparent  22°  attributed  to  this  latter  Bpriukler  is 
iportaut  and  damaging  amount  with  whieli  he  goes  before 
ip  in  eellmgBpriQklerg.  On  the  other  hand,  another  party 
ke  just  such  a  test  for  himself,  giving  hie  sprinkler,  however, 
antage  of  a  slower  test,  and  find  jnst  the  same  result,  bnt  in 
!e  in  favor  of  Aw  device.  Now,  if  the  actual  thermal  minutes 
%n  computed  in  each  case,  no  appreciable  difieience  would 
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''Si  been  fonnd  in  these  two  different  sprinklers.  One  would 
^e  given  292  thermal  minutes  and  the  other  290.  This  illnstra- 
s  case  is  neither  a  fanciful  nor  an  extreme  one,  but  such  as  hap- 
^s  to  well-meaning  parties.  It  shows  what  injury  and  injustice 
•v  be  done  to  innocent  parties  by  reputed  scientific  tests  of  spHnk- 
B  by  underwriters,  inspectors,  and  sprinkler  maniifacturers,  igno- 
)t  of  thermal  laws. 
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In  inserting  a  thermometer  into  a  test  oven  the  bulb  only 
acted  upon  by  the  heat.  I  do  not  know  whether  thermometers  a 
graduated  by  entire  immersion,  or  by  immersion  of  the  bn 
only. 

In  order  to  ascertain  the  exact  facts,  I  immersed  a  thermoT 
eter  (A),  graduated  to  350^  Fahr.,  in  boiling  water  up  to  the  20 
point  and  found  it  read  212°.  Then  the  bulb  only  was  imiiier» 
and  the  part  aboye  was  kept  at  the  temperature  of  the  room  1 
surrounding  the  exposed  portion  with  a  wet  cloth  of  70°  tei 
perature,  then  the  thermometer  read  only  209j°. 

A  similar  experiment  applied  to  a  higher  grade  thermomet 
(B),  graduated  to  700°,  read  21G°  when  entirely  immersed,  a 
215^0  when  bulb  only  was  immersed.  This  error  of  4°  in  the  hi| 
grade  thermometer,  and  there  being  a  difference  of  only  i°  betw€ 
entire  immersion  and  immersion  of  bulb  simply,  shows  that  ^ 
thermometer  itself  is  more  likely  to  be  in  error  than  what  may* 
caused  by  the  amount  of  exposure  to  heat  to  which  the  therms 
eter  is  subjected. 

Since  making  these  thermometer  tests  to  demonstrate  its  A 
ness  in  responding  to  the  changes  of  temperature  of  air,  I  b 
compared  an  ordinary  house  thermometer,  graduated  to  L« 
mounted  on  a  wooden  back,  and  the  bulb  surrounded  by  a  U 
brass  cage  to  protect  it  against  breakage,  with  a  similar  thenni 
eter  haying  its  bulb  freely  exposed — such  thermometer  as  is  u 
in  the  wet  and  dry  bulb  hygrometer. 

My  house  is  heated  with  an  ordinary  hot-air  furnace,  a 
frequently  I  find  the  temperature  at  79°.  Then  I  open  the  doc 
and  windows  to  cool  the  air.  The  thermometer  bangs  agaii 
the  end  of  the  partition  in  the  sliding  doorway  between  the  fro 
and  back  parlors.  Now,  when  the  air  has  become  so  cool  as  to 
uncomfortable,  the  common  thermometer  yet  reads  74°,  havi 
fallen  only  5°,  while  the  freelj'  exposed  thermometer  reads  6 
Since  discoyering  this  I  have  heard  friends  mention  the  aw 
slowness  of  their  metallic  thermometer  under  similar  conditio 

These  facts  call  our  attention  to  the  necessity  of  correcting  1 
apparent    temperatures   where  the   hot  air  and  gases  are  ii 
changing  state,  as  it  is  simply  impossible  to  obtain  an  instmm 
which  will  instantly  respond  to  the  changing  temperatures  of 
gases. 

It  will  be  seen  from  the  foregoing  that  a  thermometer  d 
not  give  the  correct  temperature  at  which  a  sprinkler  opens,  i 
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tbat  tho  exact  temperatures  can  odIj  be  obtained  by  calculations 
based  upon  experiments  as  indicated  in  this  paper. 

The  relative  sensitiveness  of  sprinklers,  liowever,  can   be  ex- 
pressed without  resorting  to  this  correction,  provided  tbat  the  same 
apparatus  be  used  (or  each  and  all  tests  and  that  the  apparatus  be 
I  used  with  the  same  care. 

For  the  purpose  of  showing  what  accurate  results  can  be  ob- 
tained with  the  simple  oven  illustrated  in  the  pDper,  I  will  state 
the  mode  of  procedure  and  results  obtained  in  esperiuientiug 
with  two  sprinklers  of  different  make,  say  A  and  B.  lu  order 
to  reduce  the  chances  of  errors  of  conditions  to  a  minimum,  the 
sprinklere  were  tested  alternately.  No  pressure  was  put  upon  the 
spiinldera,  in  order  to  avoid  wetting  the  oven,  as  the  spraying  of 
water  into  it  would  be  likely  to  disturb  the  uniformity  of  the  oven 
temperatures.  This  would  affect  neither  of  the  sprinklers  used, 
and,  in  fact,  nearly  all  sprinklers  have  their  levers  under  sufficient 
strain,  in  keeping  the  valves  tightly  shut,  that  they  act  as  a  spring 
to  Buver  the  solder  joint.  Hence,  a  sprinkler  can  be  tested  with- 
out the  use  of  a  force  pump,  and  thus  remove  one  cause  produc- 
tive of  inaccurate  oven  conditions.  The  pop  with  which  sprink- 
lers release  will  be  noticed  when  the  sprinkler  is  tested  dry,  just 
the  same  as  when  it  is  tested  under  pressure. 

The  thermometer  used  was  graduated  to  700°  Fahr.,  called 
thermometer  B,  in  Fig.  113,  but  probably  3^"  in  excess  at  the 
boiling  point  as  showu. 

In  order  that  the  gas  flame  might  be  uniform,  it  was  not  extin- 
guished afl:er  it  was  once  lighted,  but  the  oven  was  bodily  removed 
at  the  conclusion  of  each  test,  and  restored  at  the  beginning  of 
the  nest. 

There  was  a  pause  of  five  minutes  between  each  test,  so  that 
the  oven  could  cool  alike  each  time.  The  thermometer  was  cooled 
in  water  to  6C°,  and  then  inserted  in  the  oven  until  it  I'emaiued 
Daai-ly  stationary  somewhere  between  SO"  and  86',  when  the  teat 
began. 

Three  preliminary  testa   of  the  oven  alone  were  made  so  that  j 
uniformity  of  heating  might  be  established. 
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It  will  lie  observed  tbnt  witb  tlie  care  exercised,  exceedingly 
uniform  oven  action  was  obtained,  and  hence,  the  testa  are  con- 
sidered a  fair  and  correct  comparative  measure  of  the  two  sprink- 
lers for  sensitivenesa 

NoTR. — Correcting  for  error  of  tbprmameter  at  boillDg  point,  8^°,  Bprlpkler  itM 
opened  Ht  204"  aud  Sptinkler  B  at  213^°  apparent  temperature.  These  fignrea 
could  be  used  in  coinpariBou  with  otLer  Eprinltlera  if  tested  with  the  aome  appa- 
ratus In  tlie  fami)  c&rerul  manner.  In  order,  lionevor,  to  illastrate  the  method 
of  ohtaiiiing  the  correcied  temperature,  an  euBminatioa  of  the  recorded  teropera- 
tnrsH  shone  that  thetemperainre  waa  rising  at  the  time  at  opening  of  ihe  sprink- 
ter,  at  the  rate  of  ahonl  20'  in  10  aecondx.  We  had  found  Ihe  coni-tant  for  the 
iherniometer  used  (B)  to  be  5.44.  lience  the  correction  to  be  applied  la  20x5.44  = 
108.80",  or  say  S13  80  for  Sprinkler  A  and  832.30  for  SprinUer  6.  In  order  to 
obtain  the  thermal  minutes  required  for  each  Bprinkler.  the  rending  of  the  ther- 
mometer nhonld  have  been  recorded  every  10  seconds,  and  adiagratn  couetnicted 
as  shown  in  Fig.  112,  the  area  of  wliich  figure  would  be  the  nearest  esprespiouof 
the  m^mal  reoaltiveni-G!*  nf  the  tno  sprinklers.  Pursuing  that  metliod  illustrated 
in  Fig.  112,  as  well  an  possible  from  the  data  given,  we  find  that  Sprinkler  A  re- 
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■eti  170  and  Sprinkler  H  205  thnnnal  tnlnutr-i,  an  excess  of  SQX.  Tbis  Is  k  I 
«  comprtliRDBlTe  mrtlioil  of  exprer^BlDg  the  BeDsiUteueiisor  autiiiiiatlc  apriDk-  j 
thim  lias  hitberlo  bnrii  t\f-  practice. 


Prof.  D.  A'.  Jacobun. — A  uumber  of  tests  of  nutomatic  spriiik- 
ler  heads  have  been  made  by  me.  under  the  direction  of  Presicient 
Morton,  of  Stevens  Institute  of  Technology,  for  the  New  York 
Boai-d  of  Fire  Underwrilers,  and  other  parties. 

The  sensitiveness  of  a  sprinkler  bead  is  only  one  of  the  elements 
whiL'b  must  be  considered  in  determining  whether  it  is  perfect 
enongh  to  be  adopted.  In  fact,  a  sTiiaC  difference  in  the  sensitive- 
ness of  two  different  forms  of  beads  will  be  in  many  cases  muoh 
more  than  counterbalHuced  by  some  other  advantitge  which  the 
lees  sensitive  head  may  pussesa  over  the  other.  In  a'ldition,  there- 
fore, to  describing  our  method  of  making  teets  to  determine  seusi- 
tireness,  a  bi-ief  account  will  be  given  of  the  other  tests  regularly 
carried  out,  in  oixler  that  one  may  more  readily  appreciate  how 
small  a  factor  of  the  whole  the  sensitive  test  is. 

A  criticism  which  may  be  made  on  the  author's  paper  is  that  he 
infei's  that  it  has  not  been  usual  in  tests  made  in  an  oven  to  note 
the  time  reqnired  to  set  uGT  the  head  as  well  as  the  temperature. 
Onr  practice  will  not  bear  out  thiu  statement,  for  in  all  tests,  some 
of  which  were  made  more  than  five  years  ago,  the  time  has  been 
recorded,  and  included  in  the  report. 

From  the  cut  given  of  the  testing  oven  used  by  the  author,  it 
appears  that  all  the  sprinkler  heads  are  placed  in  a  vertical  posi- 
tion above  the  pipe  to  which  they  are  connected.  If  the  spriukler 
is  intended  to  he  attached  on  the  under  side  of  the  pipe,  as  is  the 
case  with  tlio  greater  portion  of  those  now  in  use,  it  appears  more 
logical  to  test  them  in  this  way,  and  other  advantages  will  be 
gained  by  doing  this  for  reasons  which  will  he  discussed  later. 
Again,  in  Mr.  Nogle's  tests,  air  appears  to  be  used  to  produce  a 
pressure  on  the  head;  this,  although  it  conforms  to  the  practice 
in  dry-pipe  systems,  is  not,  in  our  opinion,  as  good  a  method  in 
testing  as  to  use  water,  because  the  presence  of  water  in  certain 
forms  of  heads  retards  their  action.  It  is  thought  best  by  us  to 
test  under  tbe  most  disadvanti^eous  circumstances  which  will  he 
present  in  ordinary  practice,  and  for  this  reason  water,  and  not  j 
Btr,  is  employed, 

The  experiments  showing  the  difference  in  the  actual  tempera- 
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ture   nf  tLe  aii"  and  tlie  leading  of  tlie  mercuriftl  tliei-moc 
made  by  the  author  of  the  paper  are  aseful  andiatcrestiiig.    Tbi 
is  not  taken  into  account  iu  our  experiments,  but  is  partly  e 
Dated  by  making  the  testa  ot  a  longer  dunition  than  those  mat 
by  the  author.     The  capacity  of  the  gas-burner  used  to  heat  ( 
oven  used  by  us  is  such  that  the  temperature  is  raised  to  W0°  Fahr. 
in   about   3  minutes,   and  after  this  time   the   radiation   of  tlie 
sides  of  the  oven  is  so  great  that  the  heat  increases  very  slowly, 
rising  to  230^  in  about  6  minutes  fiom  the  siart.     The  average 
sprinkler  operates  in  about   5.J  minutes  at  235°  Fahr.,  so  that, 
by  the  time  the  head  opens,  the  temperature  of  the  oven  is  in- 
creasing very  slowly,  and  the  error  due  to  the  difference  of  the  J 
actual  temperature  of  the  air  and  the  reailing  of  Ihe  thermometer  I 
is  not  a  great  one.     On  account  oL  the  'existence  of  this  small  eiv    ' 
ror  it  was  proposed  to  preserve  the  oven  at  a  constant  tempet-a- 
ture,  say  i50°  Fahr.,  introduce  the  sprinkler  head  without  sensibly 
altering  this  temperature,  and  note  the  time  required  to  set  off  the 
head  by  means  of  a  stop-watcb.     It  was,  however,  decidtd  that 
the  test  for  eensitiveness  as  now  conducted  was  accarate  enough, 
and  the  above  reHnement  was  not  adopted. 

The   following  tests  are  gone  through  by  ns  on  each  set  of 
sprinkler  heads : 

1st.  Testa  in  the  oven  to  determine  sensitiveness  and  rehability 
of  action. 

2d.  Tests  by  applying  direct  flume,  at  intervals,  to  the  bead  to  1 
determine  reliability  of  action. 

3d.  Tests  of  distribution  and  rate  of  flow  of  water  through  the  I 


The  most  prevalent,  and  at  the  same  time  the  most  dangerons, 
defect  usually  found  in  sprinkler  heads  is  the  sticking  of  the  valve 
to  its  seat  after  the  releasing  device  has  operated.  To  test  the 
heads  thoroughly  in  this  respect  the  iirst  and  second  tents,  in  ad- 
dition to  being  made  on  the  new  heads,  are  repeated  on  heads  J 
which  have  been  connected  to  piping  and  subjected  to  the  action 
of  water  and  of  brine  for  about  tliree  months.  The  most  practical 
tests  are  those  made  on  heads  which  have  been  in  use  for  severed 
years,  hut  as  this  cannot  be  done  with  a  new  form  of  head,  the 
plan  of  filling  with  water  and  brine  was  adopted.  The  action  of 
the  water  and  brine  for  three  months  has  caused  the  valves  of 
many  heads  to  stick  so  tliat  they  would  not  open  under  ordinaiy 
pressures. 
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le  oven  tised  for  the  sensitive  tests  is  2  feet  in  height  ajid 

cubic  feet  capacity.  At  two  of  its  sides,  pieces  of  glass 
inserted  about  1  toot  long  by  tJ  inches  wide.  A  iher- 
eter  baugs  at  such  a  height  that  its  bulb  is  about  midway 
een  the  fop  and  bottom  of  the  oven.  An  arraDgement  of 
J  joints  aUows  the  pipe  to  be  drawn  outside  of  the  oven,  so 

the  sprinkler  head  may  be  readily  screwed  to  its  place. 
te  pushinj;  the  pipe  back  to  its  position  in  the  oven,  a  water 
nre  is  made  to  act  on  the  sprinkler,  and  auy  air  which  may 

been  in  the  pipe  is  removed  by  means  of  a  vent.  Tbesprink- 
isllowed  to  stand  about  2  minutes  in  order  to  test  for  leakage. 
then  is  pushed  to  its  position  in  the  oven.  The  bulb  of  the 
nometer  is  placed  near  the  solder  joint  and  at  the  same 
ht  as  the  latter.  The  thermometer  employed  has  a  trans- 
it scale,  which  is  illuminated  by  a  gus  Hame  placed  opposite 
nnJow  at  the  back  of  the  oven.  A  system  of  plates  is  used 
e  bottom  of  the  oven  to  distribute  the  heat  throughout  the 
•.     A  gas-burner  is  employed  for  healing, 

tank  is  mounted  above  the  oven  at  such  a  height  that  10 
lead  of  water  is  obtained.  The  sprinklers  (ire  usually  tested 
r  this  small  head  of  water.     If  the  valve  sticks  to  its  seat 

the  releasing  device  has  operated,  a  valve  leading  to  the 
is  closed  and  the  pressure  gradually  iucieased  to  that  in  the 
mains,  in  oi'der  to  determine  if  this  will  open  the  sprinklers. 
e  sprinkler  opens,  the  exact  pressure  at  which  it  does  so  is 
ded. 

e  advanti^e  of  emploj'ing  water  in  the  pipes  instead  of  com- 
ed  nir,  and  connecting  the  sprinklers  in  the  same  way  as 
me  in  practice,  arises  from  the  fact  that  we  can  test  their 
>ility  of  action  at  the  same  time  thiit  we  do  their  sensitive- 
Sometimes  sprinkler  heads  will  fail  on  account  of  a  slight 
starting  at  the  valve,  which  allows  a  small  amount  of  water 
n  over  the  partly  melted  solder  joiot  of  the  releasing  device, 
chilling  it  and  preventing  the  complete  opening  of  the  head. 

action  would  not  occur  if  compressed  air  were  used  in  the 
i,  or  if  the  sprinkler  were  connected  in  such  a  way  that  the 
r  which  escaped  by  leakage  would  not  run  over  the  solder 

e  testa  made  by  the  intermittent  application  of  a  direct  flame 
show  defects  in  the  releasing  device,  which  are  not  apparent 
e  oven  tests,  as  there  is  a  greater  tendency  to  start  the  solder 
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joint  slightly,  without  completely  melting  the  same,  so  that 
some  heads  the  releasing  device  partly  opens  and  allows  water 
leak  over  the  solder  joint  and  chill  it,  as  already  explamed  in  cc 
nection  with  the  oven  tests. 

Yarious  other  defects  are  sometimes  found  in  the  releasi 
devices.  In  some  cases  a  loose  piece  will  fall  in  such  a  way  il 
it  will  become  caught  in  the  frame  of  the  sprinkler  head  ( 
prevent  the  valve  falling  to  its  proper  position.  In  others, 
valve  is  not  guided  so  that  it  always  falls  to  its  proper  positi 
Others  have  been  received  in  which  the  amount  of  force  m 
to  bear  on  the  solder  joint  was  so  small  that  the  cohesioi 
the  melted  solder  prevented  some  of  the  heads  from  opei 
under  a  light  water  pressure.  Others  have  opened  a  short 
tance,  and  then  become  caught  at  some  point  in  such  a 
that  they  will  not  open  even  under  a  heavy  water  pressnn 

The  tests  of  distribution  and  rate  of  flow  are  made  under  a  1 
of  10  feet  as  well  as  under  high  pressure.  A  barrel  is  mou] 
so  that  the  level  of  water  in  it  is  10  feet  above  the  centre  of 
connection  into  which  the  sprinkler  is  secured.  A  lai^e  val' 
placed  directly  under  this  barrel,  by  means  of  which  the  w 
may  be  admitted  to  the  sprinkler  without  producing  a  throti 
action.  A  1-inch  ordinary  steam-pipe  screws  into  a  bus 
fitted  in  this  valve.  At  a  distance  of  10  feet  below  the  sui 
of  the  water  a  horizontal  length  of  |-incb  pipe  10  feet  Ion 
connected  by  means  of  an  elbow.  The  reason  for  employing 
lengths  of  pipe  given  above  was  to  connect  the  head  so  that 
water  furnished  it  should  have  to  travel  through  about  the  8 
length  of  pipe  of  a  small  diameter  as  it  would  in  the  case 
sprinkler  connected  to  a  system  in  a  building.  The  sprin 
head  connected  to  the  testing  apparatus  is  8  feet  above 
floor. 

The  New  York  Board  of  Fire  Underwriters  require  that 
distribution  8  feet  below  the  sprinkler  head  shall  be  ov€ 
circle  whose  diameter  is  10  feet,  that  the  diameter  at  6  in( 
above  the  head  shall  be  8  feet,  and  that  the  rate  of  flow  c 
be  greater  than  1  cubic  foot  per  minute. 

To  measure  the  diameter  6  inches  above  the  head  a  gradui 
straight-edge  is  employed.  The  observer,  standing  on  the  s 
level  as  this  straight-edge,  can  readily  observe  the  diam 
spread  over. 

In  some  tests  a  flat  surface  has  been  placed  6  inches  al 
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rihe  head  to  show  how  the  water  will  be  distributed  when  the 
head  is  nsed  under  a  ceiling-  If  the  water  is  thrown  upward  at 
too  great  an  angle  it  will  not  distribute  properly  if  used  under  a 
ceiling.  All  the  heads  are  tested  under  20  lbs,  pressure  as  well 
ss  that  due  to  10  feet  head. 

The  height  of  water  in  the  barrel  is  shown  by  a  pointer  which 
dignifies  the  difference   so  that   i   inch  in   the   height  moves 
,   the  pointer  about  3  inches.     The  rate  of  flow  is  measured   by  a 
I  meter. 

It  was  questionable  at  the  start  whether  the  friction  produced 

'  on  the  water  by  the  pipes  leading  to  the  sprinklers  would  remain 

constant.     If   this  varied,  all  the  tests  made  on  the  rate  of  flow 

would   not    be  comparable.      One  of  t!ie  first  sprinkler  heads 

I  received,  which   was  in  April,  1885,  was,  therefore,  carefully  pre- 

1  Berred,   and   before    making   any   of    the   succeeding  tests   the 

I  rate   of  flow    for   this    head    is    redetenniued.      Tlie   diameter 

I  of    outlet   of    the   sprinkler    is    0.555   inch,   and   it   discharges 

1 1.54  cubic  feet  per  minute.      Determining  the  rate  of  flow  for 

'this   sprinkler   before    making  trials   of   others    also   serves   to 

check  the  accuracy  of  the  meter.     Tbe  standardization  of  thej 

meter  at  the  time  of  making  the  first  tests  was  accomplished  hyM 

weighing  the  water  discliai^ed  by  the  sprinkler. 

An  additional  test  which  requires  much  lime  to  secure  satis-  I 
factory  conclusions  is  one  for  liability  to  loss  by  water  damage. 
Many  heads  are  arranged  so  that  thej  may  be  tightened  up  if 
leakage  occasions.  This  tightening  up  is  liable  to  bring  an  ex- 
cessive strain  on  the  solder  j'ohit,  which  may  yield,  not  imme- 
diately, but  perhaps  one,  two,  or  thiee  weeks  afterward.  It  appears 
that  the  strain  produces  a  slow  weakening  action.  This  action 
has  often  beeu  observed  in  the  heads  which  were  connected  to 
open  indes  pipes  filled  with  water  and  brine,  and  set  aside  for 
three  months  for  the  first  and  second  tests,  as  already  explained. 
Many  of  the  so-called  instances  in  which  sprinklers  have  been 
I  opened  hy  the  water-hammer  may  have  been  simply  caused  by 
1  exoessive  strain  on  the  solder  joint. 

In  addition  to  complying  with  the  above  tests,  there  are  certain 
I'Other  features  which  must  be  considered  before  adopting  a 
nqninkler  of  a  new  pattern.  For  instance,  if  a  collection  of  dust 
L  pr  dirt  on  any  portion  of  the  head  will  seriously  impede  its  action, 
I  or  if  there  is  n  habihty  that  corrosion  in  the  releasing  device  will 
in  any  way  interfere  with  its  working 
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Testing  of  automatic  sprinklers  is  in  many  cases  only  one  of  the  I 
elements  which  have  to  be  considered  before  Adopting  a  fire-ex- 
tinguisbiug  system,  as  various  devices  have  been  adopted  to  prevent 
freezing  of  water  in  the  pipes.     Some  devices  accomplish  this  end 
by  opening  the  valve,  admitting  water  to  the  system  by  the  action   , 
of  air  or  electricity ;  these   are  called  dry-pipe  Bystems.     A  non- 
freezing  liquid  is  sometimes  used  in  the  pipes.     I  have  examined  J 
many  of  these  systems  for  and  together  with  President  JVIorton^  1 
and  may,  at  some  future  time,  present  a  paper  giving  the  methods  i 
employed  in  inspecting  and  testing  the  same. 

Jl/r.  Charles  E.  Emery.— T\iq  paper  of  the  author  shows  very! 
clearly  the  principles  to  be  observed  in  the  construction  of  auto--1 
matic  sprinklers,  and  the  principal  distinguishing  features  of  ap-  J 
paratus  and  methods  necessary  to  make  proper  tests  of  the  samd>  ' 
The  MTiter  clearly  points  out  how  it  is  possible  to  test  such  de- 1 
vices,  and  to  state  correctly  the  actual  results  obtained  in  detail,  I 
when,  on  account  of  the  methods  employed,  the  tests  do  not  show 
tlie  tine  comparative  value  of  competing  devices.     This  oan  be 
done  in  testing  many  other  devices   than  automatic  sprinklers. 
For  instance,  experts  know  what  house-owners  and  steam-fitters  ' 
do  not,  that  the  efficiency  of  a  radiator  depends  upon  the  freedom 
vrith  whicli  air  can  circulate  over  the  radiating  surfaces,  so  that 
engineers  can  be  found  who  will  make  a  careful  test  of  a  client's 
radiator  with  a  given  surface  distributed  over  considerable  length, 
for  instance,  with  only  two  rows  of  small  pipes,  and  test  in  com- 
parison iin  opponent's  wide,  aliort  radiator,  arranged,  say,  to  put 
the  same  surface  in  pipes  four  or  five  rows  deep.     The  long,  thin 
radiator  will  condense  more  water  every  tiine,  and  if  the  engineer 
in  his  report  makes  a  correct  diawing  of  the  radiators  tested,  bo 
that  on  the  face  of  the  report  he  does  not  appeal-  to  deceive  the 
public,  but  is  careful  not  to  mention  the  principles  involved,  the 
client  has  an  opportunity  of  extolling  the  merits  of  his  particular 
radiator  in   compai'ison  with  liis  opponent's,  and  to  gain  a  com- 
mercial advantage  not  entirely  warranted  by  llie  actual  relative 
values  of  the  goods  themselves.     It  is  suggested,  as  a  subject  for 
topical  discussion,  the  inquiry  as  to  what  extent  engineers  are 
warranted  in  making  and  publishing  tests  of  this  cliaracter. 

Pi'of.  li.  H.  Thurston. — The  paper  before  us  is  a  very  interesting 
one  to  me,  especially  from  the  fact  that  it  gives  some  data  beai-ing 
upon  an  entirely  different  subject  of  iuveatigation.  The  import- 
ance of  the  automatic  sprinkler  has  now  become  too  well  estab*J 
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lisbed  to  permit  us  to  challoDge  tbe  opening  reninik  of  the  paper. 
Xliej  are  of  enovmouH  importance,  and  have  proved  iheir  value 
on  a  tliousaiid  occasions  by  saving  millions  of  dollars'  worth  of 
property  by  the  prevention  of  what  must,  in  their  abGence,  have 
l>eeD  destructive  fires.  To  procure  solder  for  these  inetruments 
iirLich  shall  certainly  melt  at  a  specified  temperature,  and  at  BUj 
moment,  whether  a  week,  or  a  month,  or  a  dozen  years  after  in- 
stallation, is  an  essential  to  their  safe  employment.  That  the  in- 
dications of  any  thermometer  situated  in  an  atmosphere  the  tem- 
perature of  which  is  rapidly  rising,  are  inevitably  and  invariably 
inaccnrate,  requires  no  proof.  It  is  a  matter  of  common  observa- 
tion, and  is  obviously  unavoidable  in  consequence  of  the  circum- 
Btanceii  described  in  the  paper.  But  if  we  can  ascertain  just 
vh&l  is  the  action  of  the  thermometer  under  specified  conditions, 
it  is  possible,  I  imagine,  that  we  may  fiud  ways  of  test  which 
^al]  give  as  satisfactory  results  for  their  purpose  as  those  given 
^y  a  chronometer  for  its  purpose  ;  the  instrument  never  indicating 
tJie  right  time,  but  its  rate  being  known  and  it8  initial  indications 
t*eing  on  record. 

Figs.  Ill  and  112  illustrate  admirably,  at  once,  the  defect  of 
••be  usual  methods  of  comparison  and  the  proper  mode  of  inves- 
tigation and  rating.  But  it  should  be  remarked,  I  thiuk,  that  the 
comparison  is  not  simply  between  the  temperatures  of  room  and 
^liermometer.  The  rise  in  temperature  of  the  sprinkler  itself  is,  per- 
l*ap8,  more  likely  to  follow  the  law  illustrated  by  the  thermotneter, 
^"sa  that  of  the  variation  of  temperature  of  the  atmosphere  about 
^''etti.  So  that  it  might  prove  that,  in  certain  cases,  the  melting 
*^xaperature  of  the  solder  should  be  rather  that  indicated  by  the 
*'Oermometer  than  tliat  of  the  air  in  the  room.  That  is  to  say,  the 
***  siting  point  of  the  solder  should  be  something  less  than  that 
^*"«ich  it  is  desired  to  set  as  the  limit  of  temperature  of  the  air  in  the 
J^Qmin  which  that  sprinkler  is  to  be  placed.  How  much  less  would 
*^^pend,  it  would  seem,  upon  the  character  of  the  construction  of  the 
T^vinkler,  quite  as  much  as  upon  that  of  the  solder  itself.  The  con- 
"  Iclivity,  the  fusibility,  the  weight  of  both  solder  and  surrounding 
^*etal,  and  the  extent  of  surfaces  exposed  to  external  heat  and  to 
*^*^Btact  between  metal  of  sprinkler  and  solder — all  these,  and  per- 
^<^ps  still  other  circumstances,  must  more  or  less  affect  the  result 
^nd  help  to  determine  the  value  of  the  sprinkler  for  a  specified 
I>lace  and  purpose.  Mr,  Nagle's  investigation  will  point  the  path 
^o  exact  research  in  all  these  directions. 


I 
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There  is  another  direction  in  which  we  are,  many  of  us  at  leasl 
interested,  and  in  whicli  tliis  bit  of  work  affords  valnable  sil^ 
gestions.  One  of  the  most  important  problems  confrontiDg  lb 
engineer  interested  in  the  applications  of  the  heat-engines  is  the 
of  the  determination  of  the  laws  and  the  data  relating  to  theinte: 
nal  heat- wastes  of  those  most  important  of  all  products  of  the  is 
ventive  genius  of  mankind.  But  we  are  there  confronted  L: 
precisely  such  a  difficulty  as  is  here  so  well  illustrated.  We, 
yet,  have  never  been  able  precisely  to  determine  the  method  * 
variation  of  temperature  of  the  inner  walls  of  the  cylinder,  aK 
the  method  of  storage  of  heat  in  them,  so  as  to  be  able  to  predi^ 
in  any  given  case,  just  how  much  heat  and  steam,  and  fuel  as 
money,  will  probably  be  wasted  by  the  phenomenon  now  familiac 
known  as  '^  cylinder-condensation  "  in  the  steam-engine,  and,  id 
slightly  different  form,  no  less  influential  in  the  production 
losses  in  the  other  heat-engines,  Students  of  heat-transmissic: 
all  over  the  world,  like  Fourier  and  his  followers,  and  engines 
making  their  investigations  of  the  actual  economical  working  C€Z 
ditious  of  the  machine,  have  been  vainly  seeking  the  solution 
the  problems  thus  brought  before  them  ;  but  all  that  we  can  to-S 
say  is  that  we  can,  under  certain  conditions  and  for  certain  ca^ 
approximately  estimate  these  wastes  and  the  resultant  efficieKi 
of  the  engine.  Could  we  secure  exact  measurements  of  the  t^ 
peratures  of  the  successive  layers  of  the  interior  of  the  cylin^ 
walls,  it  is  very  possible  that  we  might  determine  with  8(^ 
accuracy  the  laws  of  such  wastes.  This  has  heretofore  been 
tempted,  but  with  no  result.  I  have  sought,  in  all  directions  op 
to  me,  a  solution  of  this  problem ;  but  have  not  succeeded 
obtaining  what  seemed  desirable.  I  am  hoping  still  to  see  soi 
outcome  of  a  useful,  or  at  least  suggestive,  nature  from  researcli 
now  in  progress,  but  have  no  reason  to  hope  that  they  will  full 
meet  the  requirements  of  the  theory  of  the  real  engine,  as  I  hav 
called  it,  to  more  than  a  very  limited  extent  This  revelation  ( 
the  absolute  wortlilessness  of  the  mercurial  thermometer  for  an 
such  investigations  is  in  itself  likely  to  prove  useful ;  though 
presume  that  no  one  would  to-day  attempt  to  secure  measures  ( 
varying  temperatures  by  its  use,  imder  the  conditions  to  which 
now  refer.  Mr.  Dixwell  used  a  better  system  ;  but  it  looks  as 
only  some  modification  of  the  electrical  thermometer  would  gi' 
us  determinations  of  any  valua  I  hope  to  be  able  to  give  i 
account  of  some  such  researches,  after  a  time ;  but  I  cannot  as  j 
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SBjtliat  I  have  much  expectation  of  beiug  able  to  give  such  acca- 
nte  data  aud  determinations  as  are  desired  and,  indeed,  required. 
Mr.  C.  J.  H.  Woodhitry. — Tlie  liigli  efficic-uej  attained  by  unto- 
inatic  sprinklers  as  a  meuna  of  extiuguiabing  fires  on  industrial 
fwpertj  Las  very  naturally  attracted  a  great  deal  of  attention  to 
tie  subject,  both  on  the  part  of  the  owners  of  property,  and  also 
00  tbe  part  of  persons  of  a  mechanical  turn  of  mind.  Althot^h 
^e  first  automatic  sprinklers  were  invented  early  in  the  century, 
jef  the  production  of  practical  devices,  and  their  introduction  on 
*  itrge  scale,  has  been  limited  to  the  last  twelve  years. 

The  efficiency  of  such  devices  is  shown  by  a  compilation  of  the 
fires  occurring  on  property  insured  by  one  insurance  company  from 
Jan- 1,  1887,  to  Jan.  1,  18S0.  These  fires  are  divided  into  two 
'laases,  the  first  including  those  where  automatic  sprinklers  formed 
*  portion  of  the  apparatus  in  service  over  the  origin  of  the  fire, 
^d  the  second  including  those  which  lacked  the  service  of  aut-h 
'Pparatus.  At  290  automatic-sprinkler  fires,  only  1^2  of  which 
Cached  snfficient  amount  to  be  followed  by  claim,  the  losses 
*iioiiuted  to  §127,665.44,  the  average  cost  of  each  fire  beiug 
*33.32.  Tlie  other  losses  amounted  to  $7,388,503.25  at  947  fires, 
OO  of  which  were  followed  by  a  claim,  the  average  cost  of  each 
•"o  being  ^r.SOS.Ul,  or  18  times  the  average  Joss  occurring  at 
res  under  automatic  sprinklers.  It  is  but  fair  to  Bay,  however, 
hat  these  figures  deal  with  full  automatic -sprinkler  systems,  and 
tom  tbem  have  been  ehminated  such  instances  as  where  the  water 
^■as  shut  off  from  the  automatic  sprinklers,  or  where  they  were 
"ot  provided  with  a  proper  static  supply  in  the  usual  manner.  An 
automatic -sprinkler  system  is  not  dififerent  from  other  mechanical 
®Tiees  in  requiring  frequent  inspection. 

"Ut  these  results  were  reached  by  a  very  few  varieties  of  anto- 
'atic  sprinklers,  althongh  the  whole  number  of  such  devices  is 
^^y  great.  I  have  in  my  possession  165  different  fprms  of  auto- 
'^tic  sprinklera,  most  of  which  would  not  be  reliably  operative  in 
^■Se  of  fii-e,  or  tliey  are  so  constructed  as  to  be  especially  prone  to 
'^liage,  or  to  disability  by  corrosion. 

There  are  a  great  many  forms  of  tests  neces-^ary  to  predicate  the 
degree  to  which  various  automatic  sprinklers  will  withstand  these 
iiiBierous  elements  tending  to  impair  their  efficiency.  The  paper 
•^  <Jue3tion  deals  with  only  one  matter  which  must  be  considered  ; 
■ue  other  features  being  largely  those  relative  to  capability  of  with- 
''aQding  water  pressure,  proper  discharge  ot  water,  distribution  of 
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water,  freedom  from  leakage  either  by  jarring  or  by  water  pressnn 
freedom  from  sticking  at  the  valve,  freedom  from  disability  by  coi 
rosion,  positive  operation  when  the  solder  is  heated  without  bein 
stopped  by  water  impinging  on  the  solder  joint,  opening  tempers 
ture,  and  lastly  the  question  of  relative  sensitiveness. 

An  automatic  sprinkler  does  not  open  at  the  fusion  point  c 
the  solder,  which  is  about  167°  Fahr.,  but  at  the  critical  poin 
of  the  alloy  or  the  granular  state,  which  is  about  162°,  Whe 
the  soldered  joint  becomes  heated  to  this  temperature,  it  wi 
yield,  and  the  relative  sensitiveness  of  action  in  the  presence  of 
rapidly-increasing  temperature  is  largely  governed  by  the  thi(2 
ness  of  brass  over  the  soldered  joint 

The  thin  film  of  solder  between  sheets  of  bi'ass  is  much  mo 
sensitive  to  rapid  changes  of  temperature  than  a  mercurial  tk^ 
mometer  with  its  globular  mass  of  mercury  surrounded  by  a  g}c 
bulb,  which  is  relatively  a  poor  conductor  of  heat,  and  comp: 
able  to  the  lagging  on  a  steam-pipe. 

By  reason  of  this  relatively  slow  action  of  mercurial  thermo 
eters,  they  cannot  give  trustworthy  results  in  measuring  a  rapid 
increasing  temperature,  unless  the  apparatus  is  so  arranged  t;I 
the  rate  of  this  increase  can  be  controlled  and  made  to  confo] 
to  a  constant  rate,  and  the  tardiness  of  the  thermometer  stand  ai 
ized  to  conform  to  this  condition  after  the  very  ingeuio 
manner  set  forth  in  the  paper  of  Mr.  Nagle. 

I  do  not  propose  to  discuss  the  methods  of  oven  tests  used  1 
all  sprinkler  manufacturers.  They  have  no  pretence  to  scientif 
value,  but  they  do  serve  a  very  useful  commercial  purpose  J 
showing  to  prospective  customers  that  an  automatic  sprinkler  wi 
operate  promptly  when  exposed  to  slight  heat. 

In  testing  the  opening  of  automatic  sprinklers,  I  employ  iw 
entirely  different  processes,  one  being  for  the  purpose  of  ascer 
taining  the  opening  temperature  of  the  sprinklers.  The  appa 
ratus  consists  of  an  oven  made  out  of  a  street-lamp,  with  a  pip 
entering  at  the  top  on  which  the  sprinkler  can  be  placed  in 
pendant  position  similar  to  that  which  it  has  when  in  use.  A  wat( 
pressure  is  obtained  by  connecting  the  pipe  to  a  reservoir  mac 
out  of  a  fire  extiiiguislier,  the  upper  part  of  which  contains  coi 
pressed  air,  the  water  being  forced  in  at  the  bottom  by  a  pump.  ] 
this  manner  the  water  pressure  on  the  sprinklers  can  be  controlli 
without  shocks  due  to  the  action  of  the  pump,  and  furthermoi 
when  necessary  it  is  possible  to  have  a  circulation  of  water  in  tl 
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in  order  to  conform  to  the  condition  which  always  exists  in 
operation  of  any  sprinkler  in  a  line  of  pipe  after  the  first  one 
opened. 

The  opening  temperature  of  the  sprinkler  is  tested  by  means  of 
Tater  bath.  A  double  pail  of  water  is  suspended  within  the 
so  that  the  soldered  joint  of  the  sprinkler  will  be  in  about 
le  of  the  inner  jiail,  and  thermometers  are  inserted  with 
bulbs  as  near  to  the  soldered  joint  as  practicable.  The 
wteris  elowlj  warmed  by  a  gas  flame  until  a  temperature  of 
sbont  145"  is  reached,  when  it  is  kept  stationary  for  a  while,  and 
tiien  increased  at  a  rate  of  not  more  than  1°  a  minute  until 
the  Bprinkler  opens. 

Xn  this  manner  the  temperature  of  the  opening  of  the  sprink- 
Isr  nnder  any  desired  pressure  is  very  accurately  measured,  and 
the  whole  process  can  be  clearly  observed,  as  the  glass  sides 
of  the  lantern  prevent  the  hot  water  from  being  thrown  about 
when  the  sprinkler  opens. 

The  same  apparatus,  with  the  exception  of  the  water  bath,  is 
osed  to  test  the  positiveness  of  the  operation  of  sprinklers,  not 
niereiy  of  those  which  have  been  corroded,  but  also  such  sprink- 
lers as  are  lialilo  to  be  fised  in  the  act  of  opening  by  the  watra 
issuing  from  tlie  opening  sprinkler  and  striking  and  cooling  the 
soldered  joint  before  the  parts  are  free.  This  is  a  defect  to  which 
quite  a  number  of  sprinklers  are  hable  at  time  of  trial,  but  it  is 
donbtful  whether  sprinklers  will  be  found  in  that  position  after  an 
actual  fire,  as  the  amount  of  issuing  water  would  not  be  sufficient 
to  quench  the  fire,  and,  on  the  other  hand,  the  fire  would  naturally 
"xtend  until  it  produced  sufficient  heat  to  warm  the  water  in  the 
P'Pes  to  the  melting  point  of  the  solder,  and  in  that  manner  boil 
"^P^n  the  sprinkler. 

One  sprinkler  would  open  as  fast  as  any  other  nsing  the  same 
^*'*3er,  if  the  heat  rose  slowly  enough ;  and,  on  the  other  hand, 
*ie  ratio  of  speed  of  operation  of  sprinklers  to  each  other  is 
"^^pcndent  upon  the  rate  at  which  the  temperature  increases. 

In  regard  to  the  sensitive  tests  of  sprinklers,  any  measurement 
^^8t  lie  confessedly  an  artificial  one,  and  so  must  the  standard  be 
?^  far  as  the  method  used  is  capable  of  exact  reproduction.  I 
**-ave  made  a  great  many  trials,  both  with  gas  flames  and  with 
^<^H(I  fuel,  but  without  obtaining  satisfactory  results.  With  gas 
^Jfiines,  even  when  controlled  by  regulators,  the  calorific  power  of 
"^  gas  would  vary  from  day  to  day,  and  under  the  same  condi- 
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tioDS  of  pressure  the  gas,  from  different  causes,  would  neier  be 
uniform.  Even  the  burning  of  measured  amounts  of  alcohol  or 
similar  fuel  did  not  give  exact  results,  as  tbe  increment  of  tempera- 
ture would  be  quite  variable,  because  with  the  amoont  of 
alcohol  used  under  a  slow  sprinkler  the  temperature  of  the  burn- 
ing mass  would  increase  to  such  an  extent  as  very  mateiiallj  to 
add  to  the  rate  of  heating ;  and,  therefore,  the  conditions  of  a  slow 
sprinkler  were  not  those  of  a  sensitive  one.  At  one  time  I  tried 
to  measure  the  sensitiveness  of  sprinklers  by  kindling  fires  from 
a  measured  amount  of  excelsior,  in  a  building  erected  for  the 
purpose,  but  the  results  were  exceedingly  unsatisfactory,  vaiying 
in  the  time  of  operation  from  a  ratio  of  two  to  one  in  conseca- 
tive  experiments. 

I  finally  used  steam  as  the  best  means  of  obtaining  a  umform 
increment  of  heat.     The  apparatus  consisted  of  a  lai^e  table,  in 
the   middle  of  which   projected  an   open   Parmalee  automatic 
sprinkler,  which  is  in  form  a  reaction  turbine,  and  was  used  for 
this  purpose  because  it  would  throw  the  steam  out  radially  over 
the  surface  of  the  table.     This  Parmalee  sprinkler  was  conneeted 
with  a  large  section  of  pipe  underneath,  which  contained  sonx^ 
water  in  the  lower  part  of  it.     Steam  was  blown  into  the  lowei 
part  directly  against  the  water,  when  necessary,  in  order  that  ib< 
reservoir  should  be  filled  with  steam  free  from  superheatiofi 
and    controlled  by   a   valve  to  the  pressure   of    15  lbs.     Tb 
sprinklers  were  placed  above  tliis  table,  each  containing  a  vax0^ 
quantity  of  water,  and  by  means  of  rods  and  weights  subjects 
to   an   opening  force   equal   to   15  lbs.  per  square  inch.    ^ 
electrical  apparatus  was  so  attached  that  when  a  sprinkler  open^ 
a  bell  corresponding  to  that  sprinkler  would  ring  in  an  adjoinii:^ 
room,  and  thus  notify  the  assistant  who  was  making  a  record  ^ 
the  time  by  means  of  a  stop-watch. 

When  a  test  was  to  be  made  a  box  of  80  cubic  feet  capaciC 
was  lowered  face  downward  upon  this  table,  and  the  val^ 
opened  very  slowly  until  the  temperature  of  the  box  was  raised  t 
100"  Fahr.,  this  being  the  temperature  to  which  sprinklers  ar 
liable  to  be  exposed  continuously  in  the  extremes  of  summer  an 
winter  weather.  Then  the  steam-valve  would  be  opened  so  tha 
a  pressure  of  15  lbs.  would  be  admitted  to  the  steam-drum,  an 
from  thence  through  the  sprinkler  into  the  box. 

The  results  of  this  method  were  very  satisfactory,  for  the  var 
ation  in  the  time  of  opening  of  sprinklers  in  the  same  lot  was  uc 
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I  oTerone-fifteeuth  of  the  time  required  for  their  operation.  The 
I  time  required  by  automatic  sprinklers  of  different  makes,  but  all 
g  solder  of  substantially  the  same  fusion  point,  varied  from 
0  95  seconds.  Under  these  conditions  the  Tarious  types  of 
f  BonsitiTe  sprinklers  opened  in  from  15  to  21  seconds,  the  earlier 
[  ^^of  sealed  sprinklers  requiring  varying  amonnta  of  lime  up 
]  to  the  95  seconds  referred  to  above. 

Until  this  paper  was  presented  to  the  Society,  I  have  never 
I  liesnl  of  air  measnremeuts  being  nsed  as  a  means  of  determining 
I  ilie  opening  temperature  of  automatic  sprinklers,  except  in  the 
I  commercial  manner  already  mentioned,  and  I  do  not  think  that 
I  satisfactory  results  could  be  reached  in  that  manner  except  in 
eoQDectioQ  with  a  method  of  standardizing,  first,  the  tardiness 
the  thermometer  in  its  relation  to  the  uniform  increment  of  beat, 
I  ind,  second,  the  smaller  tardiness  of  the  automatic  sprinkler  in 
I  respect  to  the  same  condition. 

Mj;  Naijle* — I  have  but  little  to  say  iu  reply  to  the  discussion 
I  offered,  for  the  subject  of  inquiry  in  my  paper  was  limited  to  the 
I  Beiectilic  expression  of  the  heat  required  to  open  automatic 
I  ^rinklers. 

Water  is  unsuitable  as  a  means  of  applying  tlie  heat,  for  the 

Mason  given  in  the  paper,  since  it  contains  several  thousaud  times 

*B  mucli  heat  in  the  same  volume  as  air,  and  hence  is  altogether 

*°o  coarse  a  measure  ;  that  is,  it  would  not  indicate  with  sufficient 

cleiicacy  the  different  quantities  of  heat  required.     Stoam  would 

"^  Worse  than  water,  tor,  owing  to  its  great  elastic  force,  it  would 

cirnjate  so  rapidly  as  to  maintain  the  temperature  uniform,  and 

"*  such  large  quantities  as  to  make  the  results  vary  but  little. 

^^-  AVoodbury's  tests  for  sensitiveness  show  this  to  be  true.     He 

•^"nd  that  under  the  conditions  of  his  apparatus  "  the  various 

■^Pes  of  sensitive  sprinklers  opened  in  from  15  to  21  seconds." 

■^    my  apparatus  I  tested   two  sprinklers,  A  and  B,  which,  in 

***lst ruction,  were  not  extreme  forms  of  the  sensitive  type,  in  fact, 

Pparently  much  alike,  and  yet  I  measured,  as  shown,  170  thermal 

^'iiutes  for  the  one  and  205  for  the  other, 

It  seems  to  me,  also,  to  be  the  better  plan  to  keep  within  the 
"^tiditions  of  practice  in  scientific  investigations,  so  far  as  prac- 
ticable. 

A  large  oven  has  the  disadvantage  of  allowing  the  air  to  circu- 
**^te.     It  will  have  one  temperature  in  one  part  of  the  oven,  and 

*  Author's  cloanre,  uader  the  Rules. 


I 


722  SENSmVENESS  OF  AUTOMATIG  SFBINELEB& 

another  temperatnre  in  another  part.  What  we  want  is  a  volnn 
of  the  same  hot  air  about  the  little  sprinkler,  which  is  only  a  fe 
inches  in  diameter,  at  each  test ;  that  is  all,  and  I  believe  that  c( 
be  obtained  better  in  a  small  oven  than  in  a  large  one. 

Putting  water  into  the  sprinkler  pipes  when  you  test  tl 
sprinkler  involves  a  practical  difficulty.  The  moment  you  thrc 
water  into  the  oven  you  change  the  conditions  for  the  next  te 
and  it  is  practically  impossible  to  restore  the  oven  conditions  afl 
water  has  been  thrown  into  it.  Even  if  you  throw  the  sai 
quantity  of  water  each  time,  and  every  care  is  taken  to  wipe 
out  aUke  each  time,  there  is  still  enough  moisture  in  uncerts 
quantity  to  affect  the  conditions  of  the  next  test. 
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r 

i       TESTS   OF  SEVERAL    TVrES    OF  ENGINES,  UNDER 
\  CONDITIONS  FOUND  IN  ACTUAL  PRACTICE 


The  teat  was  nudertaken  with  the  especial  object  in  view  of 
■Wertaiuing  what  economy  woald  be  gained  by  6iibstitiiting  com 
pound  or  compoand  condensing  engines,  rnnniug  at  fonipavative 
"'gh  speeds,  for  simple  engineB,  performing  the  eame  class  of 
Work. 

The  engines  under  consideration  consisted,  first,  of  a  simple  en- 
gine, automatic  governor,  14  inches  diameter  by  20-incli  stroke. 
Second,  a  compound  non-condensing  engine,  horizontal  tandem  type; 
high -press  11  re  cylinder,  14-inclies  diameter  by  20-inch  stroke ;  low- 
pressure  cylinder,  21  inches  diameter  by  20-incli  stroke ;  automatic 
governor  on  high -pressure  cylnider,  fixed  eccentric  for  low-pressure 
f^J'linder.  Tliird,  simple  condensing  engine,  of  the  Reynolds-Oorlies 
)>attern,  14  inches  diameter  by  36-inch  stroke.  Fourth," componnd 
condensing  engine,  horizontal  tandem  type,  automatic  governor  con- 
nected to  both  valves ;  high-pressnre  cylinder,  9J  inches  diameter  by 
.  "''fich  stroke;  the  low-pressure  cylinder,  21  inches  diameter  by  20- 
'"eli  stroke.  The  condenser  pump  was  worked  by  a  belt  from  the 
^^*"  shaft  of  the  engine;  boilers  fed  by  a  separate  piston  pump. 
two  compound  condensing  engines,  horizontal  tandem  type, 


.     ^i^iatic  governor ;  high-pressnre  cylinders,  14  inches  diameter  by 

""ich  stroke;  low-pressure  cylinders,  21  inches  diameter  by  20-inch 

.    ^Ice.     Condenser  and  boiler  feed-pump  run  with  belt  from  main 

^^t  of  the  engine,  taking  water  from  the  hot  well,  in  ordinary 

p        ^itions;   during  the  test,  however,  the  water  had  to  be  taken 

_.-     *^  the  city  water-works.     Sixth,  two  compound  condensing  en- 

!^  '^^a,  with  throttling  governor,  and  cnt-o£E  adjustable  by  link  mo- 

t^  *1.     The  eondensir  was  an  independent  pump  condenser  of  the 

.      ^*ghes  type.     Feed-water  for  the  boilers  usually  taken  from  the 

^t  well,  but  during  the  test  had  to  be  taken  from  the  city  water- 
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works.  Seventh,  two  triple  expansion  condensing  engines,  1 
zontal  tandem  type,  with  automatic  governors.  Condenser  pr 
run  by  a  belt  to  the  main  shaft  of  the  engine ;  feed-water  ta 
from  hot  well.     In  this  case  crude  oil  was  used  as  a  fuel. 

In  no  case  did  the  engines  tested  have  steam-jackets.  The 
gines  were  in  ordinary  working  conditions,  and  in  do  case  especi 
fitted  up  to  be  tested.  In  a  few  cases  the  valve  motions  \ 
slightly  deranged,  and  could  not  be  adjusted  before  the  tests  ^ 
made,  so  that  these  results  represent  rather  the  actual  work  of 
engines  under  the  conditions  found  than  the  capacity  of  the  e 
engines  under  the  most  favorable  conditions.  In  some  cases 
duty  no  doubt  approached  nearly  a  maximum  for  the  condit 
under  which  it  was  tried. 

The  simple  automatic  engine  shows  a  water  consumption 
I.H.P.  less  than  could  probably  be  obtained  by  the  average 
gine  of  that  class,  while  the  compound  non-condensing  engin< 
the  other  hand,  shows  a  greater  water  consumption. 

It  had  been  the  intention  to  repeat  the  tests  on  both  the  a 
engines  under  different  circumstances,  but  time  and  opporti 
have  not  permitted. 

Methods  of  Testing, — The  methods  used  in  testing  the  enj 
were  nearly  the  same  in  each  case,  and  were  as  follows: 

The  different  engines  tested  were  located  in  the  cities  of 
sing,  Jackson,  Albion,  Adrian,  and  Jonesville,  Mich.^  and  ead 
rounded  with  very  different  conditions,  so  that  in  many  cac 
was  a  matter  of  considerable  difficulty  to  arrange  them  so  i 
make  the  proper  measurements. 

Measurement  of  Feed-water. — After  the  trial  of  several  metl 
with  only  partial  success,  at  the  first  plant  to  be  tested,  the 
was  adopted  of  using  three  barrels.  In  two  of  these  barrels 
pounds  of  water  was  weighed,  having  about  the  temperatui 
the  feed-water.  The  line  of  this  water  surface  was  market 
driving  nails,  about  four  inches  apart,  completely  around  the  bi 
These  two  barrels  were  then  mounted  over  the  third  and  pro^ 
with  short  pieces  of  two-inch  pipes,  furnished  with  valves,  ope 
into  the  third  barrel.  This  pipe  was  made  very  short,  so  th 
ease  of  any  leakage  it  could  readily  be  seen.  A  suction  pipe 
ing  to  the  boiler  feed-pump  was  connected  to  the  third  barrel. 
arrangement  consisting  of  a  swing  pipe,  or  a  hose,  was  need  t 
the  barrels  alternately.  The  method  of  using  was  to  fill  one 
rel  while  the  other  was  emptying.    This  simple  arrangement  if 
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which  enn  easily  be  arranged,  and  proved  satisfactory  in  all  the 
Hsea  tried.     It  lias  a  capacity  of  about  150  pounds  per  ininnte. 

In  two  eases  water  was  obtained  from  tanks  with  condderablc 
capacity,  and  altliough  everj'  precaution  was  taken  to  insure  aceii- 
'  racy  in  ineaEurement,  yet  more  or  less  doubt  has  arisen  respecting 
[the  restilte. 

Care  was  taken  that  all  the  water  supplied  to  the  boiler  during 
I  the  test  should  be  measured  by  the  method  described. 

During  the  test  the  amount  of  water  in  the  boiler  was  kept  ae 
nearly  coiistaDt  as_  possible,  and  at  the  dose  the  height  as  shown 
by  the  gauge  was  brought  to  the  same  poiut  which  it  held  at  the 
beginning  of  the  test. 

The  Fuel. — The  fuel  used  in  Michigan  is  generally  Ohio  soft 
coal,  and  varies  greatly  in  quality.  In  a  few  instances  the  coal 
was  very  wetj  having  been  in  recent  suow-storms  in  open  cars. 
The  only  way  to  secure  uniform  results  was  to  make  comparisons 
with  combustible. 

The  method  of  making  the  fuel  tests  was  to  start  with  very  low 
and  clean  lii-es,  clean  ash-pits,  and  clean  boilers,  and  leave  the  fires 
in  the  same  condition  at  the  end  of  the  test.  In  one  case  it  was 
practicable  to  start  with  entirely  fresh  fires.  The  amount  of  fuel 
put  into  tlie  furnace  was  in  each  ease  weighed;  all  the  ash, 
cinders,  and  soot  produced  during  the  test  were  weighed  and  de- 
ducted. To  obtain  the  moisture,  100  pounds  of  coal  in  its  original 
condition  was  dried,  and  the  loss  was  taken  as  the  per  cent,  of  cor- 
rection to  bo  made  for  moisture. 

The  fuel  losses  deducted  gave  ua  the  combustible. 

Calorimeter. — To  determine  the  amount  of  entrained  water  in 
the  steam,  calorimeter  determinations  were  made  at  intervals  dur- 
ing the  test.  The  ordinary  barrel  calorimeter  was  used,  it  being 
mounted  on  tlie  best  possible  pair  of  scales  to  be  obtained  in  each 
case.  The  thermometer  used  was  a  standard  steam  thermometer, 
21  inches  long,  made  by  Henry  J.  Green  &  Co.,  of  New  York. 

The  method  finally  adopted  was  to  add  several  charges  of  wet 
steam  to  the  calorimeter,  taking  the  temperature  at  eacii  interval, 
before  emptying  the  water  and  filling  again,  1  find  that  a  very 
efficient  mixer  is  made  by  discharging  the  steam  near  the  bottom 
of  the  barrel  through  a  tee  placed  crosswise  of  the  pipe,  as  shown 
in  the  sketch.  If  the  pipe  is  left  in  the  barrel  an  air-cock  or  vent 
should  be  provided  to  prevent  the  water  rising  in  the  pipe  by 
condensation  of  sieam.     I  found  that  stirring  did  not  change  the 
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temperature  in  the  least,  if  readings  were  taken  immedia 
the  eteatn  wag  diEcharged.  As  the  best  scales  to  be  obt 
not  read  closer  than  one-fourtli  pound,  I  adopted  the  exp 
fixinv  t)ie  poise  at  a  given  place  and  of  adding  steam 
weight  was  balanced. 

Indicating. — Two  or  three  indieatora  were  need  as  reqn 
each  case  these  wore  set  opposite  the  center  of  the  cyli 
gunerailj  connected  to  the  ends  with  a  three  way  cock. 
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the  principal  indicator  springs  used,  nnder  steam  and 
mercury  colnmn,  in  the  mechanical  laboratory  of  Siblej 
of  Cornell  University,  through  the  kindness  of  Prof,  K.  1 
ton,  and  fonnd  no  error  exceeding  one-half  of  one  per  cei 
Several  kinds  of  reducing  motions  were  tried,  but  in  n 
a  pendnlnm  fastened  over  the  center  of  the  gnides,  and 
with  arcs  at  the  proper  distance  from  the  center  of  m( 
used.     In   one  case,  when   the  motion  was  slow,  the  li 


Description  of  the  Engines. — The  compound  engines  snl 
the  following  tests  were  built  by  the  Lansing  Iron  Rn< 
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!  'Works,  uf  Lansing,  Midi,,  from  the  iJeeigos  of  Mr.  S.  E.  Jnrvis. 
Tbe  cngiiies  are  all  of  the  horizontal  taiideni  type,  furuished  with 
automatic  cut-off  in  most  caaee.  The  first  engine  of  this  defiign 
was  built  in  1888.  Tlie  drawinj^s  Giibmittcd  show  very  clearly  the 
peculiar  construction  of  the  valve  chests  and  the  arrangement  of 
the  cylinders.  The  wood-cuts  show  tlie  general  appearance  of  the 
engines  when  finished. 

The  valve  gives  exceptionally  quick  opening,  having  passages 
cored  ont  so  as  to  take  steam  from  four  directions  sininltaiieously. 
The  valve  is  shown  in  the  accompanying  drawings  (Figs.  115, 
116, 117,  118). 

Tlie  following  pages  give  details  of  the  various  tests  referred  to: 

TEST   OF   AUTOMATIC   SIMPLE   ENGINE   AT   JOSE8VILLE,  MICU. 

Size  of  engine,  14"  diameter,  20"  stroke.  This  engine  was  built 
by  the  Lansing  Iron  and  Engine  Works,  and  at  the  time  of  mak- 
ing the  lest  it  bad  been  running  one  year.  The  valves  were  not 
properly  set  at  tbe  time  of  making  the  test;  otherwise  the  engine 
was  in  good  condition. 
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The  average  measurements  of  the  indicator  cards  gives  ns  admis- 
sion pressure  in  cylinder  of  63.8  lbs. ;  release  pressure,  8.2  lbs. ; 
back  pressure,  about  one-fourth  pound  above  atmosphere. 

The  steam  per  I.H,P.  computed  at  end  of  stroke  from  the 
card  was  24.53  lbs. 

FUEL. 

The  fuel  used  in  this  test  was  Jackson  Hill  lump  coal,  the  aver- 
age consumption  per  hour  being  242.9  lbs. ;  per  I.H.P.,  5.34  lbs. 

The  ash  and  clinker  at  end  of  test  amounted  to  73  lbs.,  or  18 
lbs.  per  hour,  the  loss  from  moisture  obtained  from  drying  the 
coal  amounting  to  .06  lbs.,  making  the  loss  or  waste  of  the  coal 
.112^.     This  would  make  the  combustible  per  I.H  P.  4.76  lbs. 


WATFJt  USED. 

The  water  used  in  this  test  was  obtained  from  a  tank  35  inches  in 
diameter,  which  was  alternately  filled  and  emptied  through  a  dis- 
tance of  3  feet  in  height.  The  temperature  of  the  feed-water  was 
43.4°  Fahr.,  the  amount  used  per  hour  being  1,362  lbs.  by  calcula- 
tion. 

The  water  used  per  I.H.P.  was  80.9  lbs.  Duration  of  test,  4 
hours  33  minutes. 


iVx  20"hIQH-PRC60URC  CNQINC 


JONCQVILLE.  MICH., 

jj ,  Spring,  50.        Steam  by  Gauge  68  lbs. 

Revolutions  176. 


Fio.  119. 
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KVAPOKATION. 

The  evaporation  per  pound  of  eoal  from  and  at  212"  was  6.7 
lbs.  of  water ;  the  evaporation  per  pound  of  combustible,  7.49  lbs. 
of  water. 

BOILZB. 
The  boiler,  of  ordinary  tubular  pattern,  5  feet  diaint:ter  by  14 
Lieet  in  length. 


TEST  OF    COMPOUND   NON-CONDEXBINQ  ENGINE   AT    LANSING 

WHEEL  WORKS.  LANSING,  MICH. 
High-pressure  cylinder,  14"  dia.,  20"  stroke;  low-pressure  cylin- 
'   der,  21"  dia.  by  20"  stroke;  built  by  the  Lansing  Iron  and  Engine 
Works.     The  exhaust  steam  from  this  engine  is  used  to  heat  the 
shops  and  dry  kilns;  the  gnuge  placed  on  the  exhaust  pipe  show- 
ing constantly  from  3  tu  6  lbs.  back -pressure.    A  test  was  first  made 
Dec.  1, 1889,  of  three  hours'  duration  ;  aome  doubts  arising  respect- 
ing the  H'ater  measurement,  the  test  was  repeated,  Dec.  23d,    The 
'  following  are  the  results: 
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ToiBl 

During  tlie  test  water  vks  ft^  ti 

pTObably  coiuiuned  tt  leset 

MtkiDg  tbe  tuUl  power ^ . . 

The  water  used  was  drawn  from  a  tank,  and  weighed  2,41S  lbs. 
per  hour,  by  calculation  ;  consumption  of  water  per  I.H.P.  e<iHal8   | 
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345  lb?. ;  tlio  consumption  of  steam  per  I.H.P.  eqnals  32.8  lbs., 

amount  5^  less. 


an 


FUEL. 

On  beginning  the  test  fresh  tires  were  started  with  steam 
raised.  The  consumption  was  365  lbs.  of  coal,  or  298  lbs.  of  com- 
bustible per  hour;  coal  per  LH.P.  equals  5.2  lbs.;  combustible 
per  I.H.P.  equals  4.2  lbs. 

KVAPOEATION. 

Temperature  of  feed-water,  39^  Fahr. ;  6.3  lbs.  of  water  heated 
from  39^^°  Fahr.  and  converted  into  steam  at  a  pressure  of  83  lbs. 
per  pound  of  coal,  equivalent  to  7.8  lbs.  per  pound  of  eombustible; 
water  evaporated  from  and  at  212°  per  pound  of  coal,  7 A  lbs. ;  per 
pound  of  combustible,  9.2  lbs. 

From  the  indicator  cards  (Fig.  119)  the  back-pressure  in  the 
low-pressure  cylinder  was  2.5  lbs.  The  water  rate  for  the  test, 
computed  at  end  of  stroke,  is  25.8  lbs.  per  I.II.P. 

SECOND  TEST   OF  COMPOUND  NON-CONDENSING  ENGINE,    DEC.  S8, 
1889,  AT  LANSING  WHEEL  WORKS,  LANSING,  MICH. 


Rev. 

steam  Pree. 

High  Prbssubk,  14  x  80. 

Low  Pbxssvbx,  si  z  so. 

No. 
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Add  work  of  injector 


.66.74 
.  2.00 

68.74  I.H.P. 


Water  consumed — by  calculation  from  measurement  taken  of 
tank — per  hour,  23.61  lbs.,  or  3^.3  lbs.  per  LH.P.  This,  reduced  by 
calorimeter  measurements  5^  on  entrained  water,  gives  the  steam 
consumption  per  I.II.P.  as  32.6  lbs. 
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The  coal  burned  per  hour  was  342  lbs.,  or  5.13  lbs.  per  I. H. P.: 
the  combuetihlepcrI.H.P.,4.01.    Evaporation  temperature  of  feed- 
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water,  39J°  Fahr. ;  6.3  lbs.  of  water  heated  from  39^  Falir.  and 
converted  into  steam  at  80  lbs.  pressure  per  pound  of  coal,  equiva- 
lent to  81.  lbs.  per  pound  of  combustible ;  the  evaporation  from  and 
at  212''  Fahr.  would  be,  i)er  pound  of  coal,  7.46  lbs.  of  water,  and 
per  pound  of  combustible,  9.56  lbs.  of  water. 

TEST   OF   A   REYNOLDS-CORLISS   CONDENSING   ENGINE  AT  THO- 

MAN'S  FLOUR  MILL,  LANSING,  MICH. 

Size  of  engine,  14"  dia.,  36"  stroke,  with  condenser.  This  engine 
had  been  in  operation  three  years;  was  in  good  condition,  as  shown 
by  the  indicator  cards.  The  pipes  leading  to  this  engine  are  all 
covered,  and  every  precaution  taken  to  prevent  waste  of  steam. 
There  were  no  leaks  of  any  kind.  The  water  for  the  test  was 
pumped  into  a  tank  above  the  boiler  from  the  hot  well,  with  a 
temperature  of  about  100°,  before  the  test  began,  from  which  it 
ran  to  the  weighing  apparatus,  which  was  arranged  as  previously 
described. 

The  coal  used  during  the  test  was  wet  bituminous  pea  coal,  which 
was  found  to  contain,  by  drying,  13;^  of  moisture,  and  by  weighing 
back  refuse  .09  of  cinders  and  ashes. 

Test  started  at  8.35  p.m.  with  fresh  fires,  clean  ash-pits  and 
boilers,  and  ended  at  12.35  p.m.     All  refuse  was  weighed  back. 

INDICATOR  CABDS. 


^v 

Rev. 

Steam 
Pres. 

Vacu- 
um, 
Inches. 

Feed- 
watcr 

M.KP. 

I.H.P. 

Totel. 

^0.       jime. 

Temp. 

Hd. 

Cr. 

Hd. 

Cr. 

1 

2 

8 

4 

5 

6 

6  + 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 

8.35 
8.46 

"i'.do 
o.'io 

10.7 

10.80 

10.40 

10.50 

11.00 

11.10 

11.31) 

12.10 

12.20 

12.15 

12.35 

95 
94 
95 
95 
95 
96 
95 
95 
95 
94 
95 
95 
95 
9.) 
96 
96 
96 
96 

76 
68 
70 
58 
59 
67 
60 
70 
70 
70 
68 
68 
70 
60 
68 
68 
70 
65 

27i 

27 

27 

26i 

27 

27 

27 

27 

27 

26} 

27 

26^ 

27 

27 

26i 

26^ 

27 

27 

109 
116 
120 
130 
128 
118 
120 
130 
118 
118 
118 
V-iS 
119 
180 
125 
125 
125 
125 

25.0 

25.5 

^1.4 

28.0 

26.4 

22.0 

28.5 

24.2 

21. 

21. 

2.5. 

2>. 

25.7 

24.2 

27.5 

28.0 

28.5 

26.0 

17.7 
22.7 
25.1 
26.6 
24.6 
25.6 
24.5 
24.2 
26.7 
24.2 
25.6 
26.6 
20.0 
28.0 
24.0 
24.6 
21.2 
87.4 

88.25 

85.60 

88.6 

80.65 

86.12 

28.17 

81.8 

82.8 

87.9 

87.6 

88.2 

29.4 

84.8 

88.3 

86.9 

87.6 

81.6 

86.0 

20.6 

27.8 

SO.H 

82.47 

89.86 

31.68 

89.8 

29.7 

81.0 

89.8 

31.6  : 

86.7 

80.9  1 

88.1 

29.8 

89.8 

26.8 

88.8 

68.8 
60.8 
69.1 
68.9 
66.0 
59.7 
61.8 
61.9 
68.9 
66.9 
64.8 
66.1 
66.1 
60.8 
66.8 
67.4 
67.9 
68.8 

Ave  nitre  . 

67.41  26.88 

121.6 

61.99 

<-> 

TK8TS   OF   SEVERAL   TYPES    OF    ENGINES. 
WATEK   TKST   EEVNOLDa-COKI.IBS    ENGINE. 

Started  and  ended  teet  with  water  at  same  point  in  boiler. 
Water  naed,  7,112  lbs.  in  4  hours. 
"        "      1,778  lbs.  per  lionr. 
28.67  per  I.H.P. 


OALOBOIETEK. 

Oalorimeter  test  showed  eteam  to  contain  6.7;^  of  water ;  dediiet- 
ng  tliifi  from  above  leaves  steam  per  I.H.P.  per  hour  26.75  lbs. 
1  (Fig.  120). 
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THOMANC  MILL,  LANCINa.  MICH. 

3S  Engine.  14  Dia.  38  Stroke,  with  Condenser. 
Spring  40.      Steam  by  Gauge,  68  lbs, 
iievolutions  0(L 


This   water  was   heated  during  the  test  about  21°   by  steam 
directly  from  the  boiler. 


COAL    TEST. 


Burned  in  4  hours  1,135  lbs.,  or  283.75  lbs.  per  hour.  This  is 
equal  to  4.63  per  r.H.P.  Weighed  bfick  cinders  and  ashes,  108 
lbs.,  equal  to  .09O8.<     Dried  100  lbs.  of  coal,  and  found  13jt  loss. 
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Combustible  burned  during  test,  898  Ibp. 
"  "       per  honr,  224.50  Ibe. 

"    I.ll.P.,  3.61  llie. 
"        "    I.H.P.,  3.58  Ibp.,  had  feed-water  tern.  ll(Vr| 
Coal  burned  perhoiirper  r.H.P., 4.69 Ibe.,  liadfeed-watertem. 110", 

FLOHK   MANUFACTUBED. 

During  tbe  teat  5.79  barrels  were  mannfactured  per  hour,  making 
tbe  coneumpticiit  of  c^oal  equal  to  49  lbs.  to  a  barrel  of  floor,  or  of  T 
combustible  38.52  lbs.  to  the  barrel  of  flour. 

TE8T  OF    B01LKB8,   COKEECTED   FOK    WOEK   OF    IlEATEB 

Steam  used  per  I.H.P.,  26.87. 

Evaporation  from  212°  per  lb.  of  combustible,  8.29  lb?. 
"  "         "  "  coal,  6.S3  lbs. 

The  boilers  in  the  above  plant  consist  of  two,  each  4  feet  diame-  ' 
ter  by  12  feet  in  length,  and  have  been  in  use  a  long  time.     The 
middle  vertical  row  of  tubes  has  been  omitted  because  of  a  theory 
of  the  owner  that    they  retarded   the  upward  circulation  of   the 
water. 

COMPOUND  CONDENSING  ENGISE.  ALBION.  MICH..  ELECTRIC  LWDT 
STATION.  BUILT  BY  LANSING  IRON  AND  ENGINE  WOBKS. 

This  engine  has  cylinders  9^-inch  diameter  and  21-inch  diameter, 
20-inch  stroke,  arranged  ae  a  horizontal  tandem.  The  engine 
was  constructed  with  a  fixed  eccentric  for  the  low-pressure  cylin- 
der, and  with  a  movable  eccentric,  .■;utomatic  governor,  for  the  high- 
pressure  cylinder. 

The  engineer  had  connected  both  valve  stems  together  and 
attached  them  to  the  automatic  governor.  The  test  was  continued 
throughout  four  hours,  K-htch  was  as  long  a  time  as  it  was  po'esible 
to  obtain  without  great  variation  in  load.  The  water  was  meas- 
ured throughout  the  test,  being  pumped  from  the  hot  well  into  a 
barrel  holding  300  lbs. ;  thence  it  was  run  into  a  second  barrel, 
from  which  it  was  pumped  by  a  donkey  feed-pump. 

The  temperature  of  the  feed-water  was  108°.  The  power  con- 
sumed by  the  donkey  pump  was  estimated  by  applyinj;  a  brake  to 
the  drive-wheel  while  under  steam.  The  average  of  the  resnlte 
indicated  2.6  H.P.  The  average  results  during  tlie  test  showed 
95.47  I.H.P.  as  the  work  of  the  engine,  making  the  total  work  of 
the  plant  9a07  H.P. 
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The  average  calorimeter  results  sliowcd  5.6  water  entrained  in  the 
Eteam.  Tlie  steain  for  tlie  c-ttloriiiieter  was  taken  from  the  main 
Eteam-pipe  about  3  feet  from  the  cylinder,  and  was  doubtless  a 
fair  sample  of  that  supplied  the  engine.  The  steam-pipes  were 
not  covered,  and  the  moisture  is  no  doubt  due  to  condensation  in 
pipe. 

INDIOATOB  OABDS,  TAKDEM    COUPOCND,    9j  AND    21  X  SO. 


No. 

M.B.P. 

I.H.P. 

Rev. 

Blgb. 

I^. 

Hieh. 

U,w, 

bjGMge. 

1 

01.0 

7. .55 

57.70 

41.73 

2 

7.35 

fiT.W 

39.00 

3 

80.48 

6.00 

57.13 

33.00 

130 

m 

1S8 

4 

50,  IS 

6.40 

67.48 

35.84 

130 

26i 

160 

3 

50.45 

7,50 

57.79 

4J  00 

96^ 

IGO 

Q 

7.10 

7 

49.  B 

7.25 

S«.t«3 

40.60 

133 

26i 

160   1 

H 

49.65 

8.10 

56. 6S 

45.38 

125 

IDS 

9 

49.80 

6  70 

56.35 

37.06 

123 

48.75 

S.90 

26^ 

11 

48.  «0 

7.40 

65.66 

41.44 

128 

28^ 

1611 

12 

45.45 

U.B3 

62.70 

38.84 

1^2 

1«2 

13 

42.75 

6.76 

60.80 

88.75 

36.6 

163 

a. 50 

130 

26.6 

162 

56.04 

89.43 

Total  LH.P.  PD^ne 95.47 

Work  of  pump 2.60 

Total 88.07 

Average  speed,  160  revolutions. 
Varlatinn  In  Hpeed,  .01i%, 
Variation  In  load,  .06l3i. 

FUEL. 

Fuel  used  during  the  test  was  very  wet  slack  coal;  1,000  lbs, 
burned  3  hours,  22  minutes,  or  at  the  rate  of  296i\[  Ibe.  per  hour, 
or  3.05  lbs.  per  LH.P.  The  combustible  used  was  found  by  dry- 
ing 100  lbs.  of  the  conl,  and  also  by  weighing  back  the  ashee  and 
clinkers.  The  result  showed  the  toUowing  waste  per  1,000  Iba. : 
moisture,  132  lbs.;  ash  and  clinkers,  226  lbs.;  net  combuetiblc, 
.617^  of  coal. 

Combustible  per  I.H.P.,  1.97  lbs. 

WATEE   C6ED. 

Tlie  water  used  per  honr  was  1,950  lbs.  The  dry  steam  was  ,056jt  ' 
less  1,S11  lbs.  per  hour.  The  consumption  of  steam  per  I,H.P.. 
18.77  lbs.  ' 
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ALBION,  MICH.,    CLECTfllC  UGHT  STATtON. 

d}^ — ^21  X  30  CompouiKl  Engine — ^Automatic. 

Uigb-Ptessniv,  9>^ i)ia.,x 20Stn^». 
Spring,  (KX      Steam  bj  Gauge  130  IbB. 

Itcvolutions  Wk 


Fio.  122- 

The  boilers  in  use  at  this  plant  are  two  tubular  boilers,  each 
5  feet  diameter  and  14  feet  long,  placed  one  above  the  other 
and  connected  by  several  vertical  pipes.  The  fire  is  enclosed  in 
the  lower  boiler,  as  in  the  marine  boilers.  The  special  design 
was  adopted  because  of  its  great  strength.  It  has  also  proved  to  be 
a  very  economical  boiler,  as  shown  by  the  results,  and  furnishes  a 
good  quality  of  steam.  The  feed- water  furnished  the  boiler  was  at 
an  average  temperature  of  102°,  and  the  steam  used  was  raised  to 
130  lbs.  The  evaporation  from  212°  per  pound  of  coal  was  6.0^ 
lbs.  of  water;  per  pound  of  combustible,  was  10.66  lbs.  of  water* 


TESTS   OF  SEVEBAL   TVPES  OF   ENGINES. 


B  evaporation  from  102'  p^v  pound  of  coal  was  6.12  lbs.;   tiiu 

»poratlon  from  102°  per  pound  of  combustible,  9.46  lbs. 

From  the  indicator  cardB(Fig^.  121  and  122)  we  find  the  average 

Low-Prass«re,  21  Dinmeter  20"stroko. 
a  bj-  Gouge  36  Inches 
Spi-liii;  30. 


admission  pressure  in  high-pressure  cylinder  was  113.3  Ibp. ;  in  low- 
pressure,  7.3  Il>3.  above  atmospliere;  the  back-preasiirc  in  the  high- 
preesnre  cjdirider  11  lbs.  above,  and  in  the  low-presaure  cylinder 
8  lbs.  below  the  atmosphere.  The  water  consumption  measared 
from  the  indicator  card  at  the  end  of  stroke  eqiialled  16.04  lbs,  per 
I.H.P. 


I 


TEST  OF  TWO  COMPOUND  ENGINE:'.  LANSING  ELECTRIC  LIGHT  STA- 
TION. LANSI.VG,  MICH,,   BUILT  BY   LANSING   IKON  AND   ENGINE 
WORKS. 
These  engines  were  of  the  tandem  type,  each  with  high-presEure 
cylinder  14-iiich  diameter  by  20-inch  stroke,  and  low-pressure  cyl- 
inder 21-inch  diameter  by  20-inch  stroke.     Steam  was  supplied  by 
two  boilers  of  the  ordinary  tnbular  type,  5  feet  diameter  by  li  feet 
long.    Tbc  whole  plant  at  the  time  of  testing  was  new,  having  been 
in  use  about  18  days.     The  steam-pipes  were,  however,  of  consider- 
ate length  and  uncovered.     The  metliod  of  testing  was  substan- 
fially  ag  described,  and  it  is  deemed  sufficient  in   this  place  to 
S'mply  give  the  results.     The  two  engines  were  coupled  together, 
^"d  as  far  as  possible  diagrams  were  taken  simultaneously. 
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WEST   ENGINE. 


Rev. 

Steam 
Prea. 

Yacaam 
Gaase. 

Hioh-Prksbubi 

t,  14XS0. 

Low-Pbkssuu 

,SlxSO. 

No. 

M.E.P. 

LH.P. 

M.KP. 

LH.P 

Hd. 

Cr. 

Hd. 

Cr. 

1 

170 

100 

28 

15.8 

20.0 

47.88 

7.8 

7.8 

44.93 

2 

170 

100 

28 

16.1 

22.8 

50.77 

8.5 

8.1 

45.10 

8 

173 

98 

28i 

5.8 

16.7 

27.99 

8.5 

9.0 

52.97 

4 

171 

100 

28 

16.9 

23.3 

50.52 

5.9 

7.0 

88.62 

5 

171 

100 

28 

13.5 

22.0 

47.13 

8.4 

7.9 

49.89 

6 

170 

100 

28 

14.0 

21.8 

46.67 

8.2 

8.1 

48.49 

7 

172 

100 

28 

11.5 

21.8 

48.87 

7.4 

7.8 

44.98 

8 

170 

100 

28 

18.8 

20.5 

47.19 

7.9 

8.8 

48.32 

9 

175 

100 

23i 

8.1 

15.6 

24.07 

5.8 

5.8 

86.58 

10 

174 

100 

28 

16.0 

81.5 

68.04 

18.0 

18.8 

79.62 

11 

174 

98 

28i 

25.0 

28.5 

71.6 

18.2 

12.8 

78.26 

12 

174 

100 

28 

8.1 

14.0 

28.29 

8.7 

4.5 

25.88 

18 

178 

105 

28 

8.0 

14.0 

28.71 

4.8 

5.0 

27.00 

14 

178 

100 

28 

10.8 

18.75 

89.85 

7.4 

7.5 

45.54 

Average. 

172.4 

100 

23.06 

11.9 

20.6 

48.80 

7.98 

8.8 

47.50 

Total  I.H.P 90.8 


EAST   ENGINE. 


Rev. 

Steam 
Pres. 

Yacaam 
Gaage. 

HieH-PRBBSTJRE 

,14x90. 

Low-PBnsuBB,  81  z20. 

No. 

H.E.P. 

I.H.P. 

X.S.P. 

I.H.P. 

Hd. 

Cr. 

Hd. 

Cr. 

1 

168 

100 

28 

25.0 

26.6 

67  26 

10.9 

12.8 

68.21 

2 

170 

100 

23 

28.6 

27.0 

66.81 

11  8 

11.2 

60.06 

3 

107 

100 

28 

22.2 

25.2 

61.97 

11.1 

11.2 

65.56 

4 

170 

100 

28 

24.5 

28.1 

70.08 

10.5 

11.2 

64.56 

5 

170 

100 

23 

28.5 

27.0 

62.21 

10.7 

10.9 

64.56 

6 

97 

28.8 

26.5 

66.60 

11.2 

11.4 

68.18 

7 

168 

100 

28 

23.4 

26.7 

65.44 

10.7 

11.2 

66.45 

8 

108 

100 

28 

22.5 

25.0 

62.04 

11.0 

10.5 

64.68 

9 

171 

100 

28 

22.5 

26.0 

65.22 

11.8 

10.7 

64.88 

10 

172 

100 

23 

24.5 

26.8 

67.94 

12.5 

12.5 

66.22 

11 

178 

100 

28 

24.3 

27.0 

69.00 

12.7 

12.5 

76.28 

12 

179 

100 

23 

25.9 

32.5 

80.87 

12.7 

12.6 

78.28 

13 

180 

100 

28 

26.5 

82.3 

82.29 

18.8 

12.5 

81.16 

Average. 

172.5 

100 

23 

24.0 

25.8 

68.28 

11.4 

11.5 

69.04 

Total  I.H.P 187.82 

From  the  indicator  cards  (Figs.  123, 124)  for  high-pressnre  cylin- 
ders tlie  average  admission  pressure  is  84  lbs.;  the  release  pres- 
sure, 22  lbs. ;  the  back  pressure,  14  lbs.,  reckoned  from  atmospheric 
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line.  For  low-pressure  cylinder,  estimated  from  same  points,  admis- 
sion pressure  is  10.1  lbs. ;  the  release  =  3.7  lbs. ;  the  back-pressure 
=  7.5  lbs.  The  steam  consumption  per  I.H.P.  from  cards  at  end 
of  stroke  is  15.84  lbs. 

Total  I.H.P.  for  both  engines,  228.12. 

FUEL. 

Duration  of  test,  4  hours,  20  minutes.  Weighed  out  at  begin- 
ning of  test,  2,661  lbs. ;  at  end  of  test  weighed  back  as  nnbumed, 
579  lbs. ;  weighed  ash  and  clinkers,  194  lbs.,  or  9.3^  of  tlie  fuel 
burned.  The  amount  burned  consisted  of  700  lbs.  of  coke  and 
1,382  Ibe.  of  coal. 

To  ascertain  the  condition,  100  lbs.  of  each  fuel  was  dried,  giving 
a  loss  for  the  coal  of  .018^^,  and  for  the  coke,  .05ji.  Makinfc  correc- 
tions for  these  losses,  the  fuel  per  hour  was  475  lbs.,  of  which 
411.8  lbs.  was  combustible.  This  gives  2.08 11)8.  fuel  per  I.H.P.  per 
hour,  or  1.80  lbs.  combustible.  During  the  test  water  was  taken 
from  the  city  water  works,  and  had  a  temperature  of  49°  Fabr. 
Had  the  water  been  taken  from  the  hot  well  at  110°  Fahr.,  the 
consumption  should  have  been  as  follows : 

1.96  lbs.  coal  per  I.ILP. 

1.69  lbs.  combustible  per  I.H.P. 

WATEB. 

The  water  was  weighed  during  the  entire  test)  the  amount  con- 
sumed being  4,246  lbs.  per  hour.  This  is  equal  to  18.61  lbs.  per 
I.H.P.  Calorimeter  tests  were  taken  throughout  the  time  of 
making  the  test,  and  showed  11^  of  entrained  water ;  making  this 
correction,  the  steam  per  I.H.P.  was  reduced  to  16.57  lbs. 

EVAPOBATION. 

One  pound  of  combustible  evaporated  9.9S3  lbs.  of  water,  and 
raised  it  from  an  initial  temperature  of  49°  Fahr.  to  the  tempera- 
ture of  steam  at  100  Ibp.  pressure.  This  is  equivalent  to  evaporating 
1 1.74  lbs.  from  and  at  212°.  Keducing  this  for  the  entrained  water, 
11^,  gives  us  for  the  evaporation  of  1  lb.  of  combustible  10.45  lbs.  of 
water,  and  of  1  lb.  of  coal,  9.06  lbs.  of  water,  from  and  at  a  tempera- 
ture of  212°  Fahr. 

The  boilers  were  of  the  ordinary  tubular  type,  each  5  feet  diam- 
eter by  14  feet  long ;  they  were  new,  clean,  and  the  settings  were  in 
best  of  condition. 

The  details  of  the  calorimeter  test  are  given  on  p,  744. 
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OALOBIMETEB   TEST. 


Weight  of  barrel,  61}  lbs. 

Took  steam  from  main  steam-pipe,  near  pump  and  at  about  sa 
distance  from  the  boilers  as  the  engines.  The  pipes  leading 
the  engines  are  about  20  feet  long  and  uncovered. 


CALORIMETER  MEASUREMENTS. 
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1185.0 

945.8 

21.1 
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56.2 
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1185.0 
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82.6 

88 

80 

44.4 

26.4 

40.0 

46.6 

78.8 


876.4 
875.4 
876.4 
875.4 
876.4 
876.4 
876.4 
876.4 


TEST  OP  TWO  COMPOUND  CONDENSING  ENGINES  AT  ADRIAN.  MIC 

December  4»  5  and  6,  1889. 

Both  engines  of  same  size — each  14  and  21  x  20".  These  engii 
are  furnished  with  throttling  governors  of  the  Waters  pattei 
two  eccentrics  and  linked  valve  gear  for  adjasting  the  cut-ofE, 
independent  pump  condenser  of  the  Hnghes  pattern.  This  0( 
denser  maintained  a  vacuum  of  27"  by  the  condenser  gauge  qn 
constantly.  The  indicator  cards  show  an  average  vacnum  of  ab 
16^"  in  the  cylinders.  Holes  were  drilled  in  each  head  of  the  c 
denser  pump,  and  indicators  attached  and  cards  taken  from  h 
ends.  These  cards  are  shown  by  the  sample  submitted,  and 
quite  phenomenal  in  form.  This  is  in  large  part  due  to  the  pecn; 
motion  of  the  piston,  which  stopped  still  in  the  middle  of  e 
stroke.  The  steam  pressure  on  the  piston  rose  to  a  maximun 
this  point,  w^hich  was  maintained  throughout  the  stroke.  All 
ing  10^  for  clearance,  the  water  rates,  as  shown  by  the  ca 
from  the  condenser  pump,  computed  at  the  end  of  tb^  stro 
averaged  79.2  lbs.  per  I.H.P. 

The  water  used  by  the  condenser  was  taken  by  snction  from 
river,  a  distance  of  about  600  feet  horizontally  and  14  feet  vertica 
The  peculiar  action  of  the  pump  indicated  that  most  of  the  pui 
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injB-ftB  done  on  tlie  latter  half  of  tlie  stroke.     The  following  a 
iereeults  obtained  from  the  indicator  cards: 


aUQHES  INDEPENDENT  CONDENSER  PUMP— 10"  DIA.,  1 


H.K.P. 

Pn 

H«<«. 

"-TS'r 

C*Bn  ma 
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Cr. 

Bd. 

Cr. 

Hd.        1 

Cr. 
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IB.T 

le.i 

2  1« 

afi 

le.s 

3.2U 

so 

70.0 

18.5 

19.9 

a. in 

as 

43. 0 

44.S 

8II.4 

78.5 

18.5 

18.0 

2,12 

26 

43. 

4S. 

81.7 

88.8 

18.4 

80.0 

3.36 

ao 

4a. 

45. 

81.8 

78.8 

THE    ENQiyES. 

Tile  nnrth  engine  was  run  dnring  the  daytime  to  furnish  motive 
f***'*'er  for  an  electric  railroad  on  the  Ray-Fisher  system.  Both 
'"giiies  were  run  at  night  for  the  electric  lighting  of  the  city,  and 
,  ***ldition  furnished  the  power  needed  by  the  street  railway.  In- 
*^t<ir  cards  were  taken  in  the  daytime  to  asoertaia  the  power 
**S\iined  by  the  electric  road,  but  the  complete  tests,  during 
.  *'^h  time  the  water  and  fuel  were  weighed,  were  only  made  at 

^"'^MPOUND  ENHINp,  ADKIAN  ELECTRIC  LIGHT  STATION— NOHTH 
ENGINE. 

Ilijrh-preBsiire  cylinder  14  x  20,  indicator  spring  40. 

Xow-presBure  cylinder  21  x  20,  indicator  spring  20. 

Throttling  governor,  Ilughes  independent  condenser.  Electric 
^  »-eet  railway. 


Time, 

AD.pe»,oa 

Vacaum  by 

nrr 

I.H.P. 

High  Pre*. 

Low  Pre*. 

2.W 

40 

80 

27 

170 

■    21.01 

11.9 

32.91 
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80 

27 

17n 
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6.24 

10.90 

8.0S 

40 

85 

37 

174 

18-54 

14.34 

32.79 

3.U7 

60 

85 

37 

17^ 

S3. 46 

10.82 

89.  S9 

92 

28 

166 

13.04 

sa.it) 

3.40 

0 

88 

27i 

IHM 

4.37 

6.n6 

10.  H3 

J.03 

40 

87 

37 

na 

ie.33 

12.41 

81.83 

Avemge,  10. »1  I.H.P.  fur  0  ampereH. 
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During  the  same  time  indicator  cards  were  taken  on  eonden 
pump,  and  these  showed  an  average  of  1.98  LH.P.  As  this  pu: 
used  3.6  ns  much  steam  for  the  same  work  as  the  engine,  this  wo 
be  equivalent  to  7.13  I.H.P.  for  engine.  The  average  wori 
the  street  railroad,  with  two  cars,  I'equired  40  amperes.  Maki 
the  substitutions  and  reducing  as  shown  before,  we  have : 

Friction  of  north  engine  main  line  shaft  and  dynamos,  18 
LH.P. ;  average  work  for  station,  one  engine  and  two  cars,  3C 
I.ILP. ;  average  work  to  run  two  cars  without  engine  or  djn^, 
21.11  I.H.P.,  or  10.55  H.P.  per  car. 

The  test  was  continued  for  four  hours,  commencing  at  5.80  p, 
during  which  time  all  fuel  and  water  were  weighed.     At  the  tit 
of  commencing  the  test  a  start  was  made  witl^  fresh  fires,  cles 
ash  pits  and  boilers,  and  position  of  water  at  a  known  point 
boilers. 

Calorimeter  tests  were  also  taken  throughout  the  time  of  testin 

The  boilers  were  of  the  ordinary  tubular  kind,  5  feet  diametc 
13  feet  long,  with  domes.  The  fuel  used  was  Jackson  Hill  slai 
coal,  quite  wet.  The  valves  of  both  engines,  as  shown  by  the  in( 
cator  cards,  were  slightly  deranged,  the  head  end  of  the  cylinders 
both  engines  doing  the  greatest  proportion  of  the  work.  As  o 
engine  run  23^  hours  out  of  the  24  each  day,  we  had  no  means 
taking  preliminary  cards  in  time  to  adjust  the  valves  before  ms 
ing  the  test.  The  test  was  made  Friday  evening,  December 
1889. 
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TEST  OF  COMPOUND  CONDENSING  EN'GIKEH  AT  ADHIAN,  MICH.,  WITH 
WATERS-.  THBOTTUNG  GOVERNOR,  LINKED  VALVE  MOTION. 

NOHTU    ENOmK. 

High-preesnre  cylindei".  14"  diameter,  20"  stroke, 
Low-preeBiire  (jylinder,  21"  diameter,  20"  stroke. 
iDdicntor  cards  frura  hjgli-jiressure,  40  simng. 
Indicator  cards  from  low-pressure,  20  spring. 
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70 
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27 
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S6.00 

HI 

4(1 

^h2 

87 

27 

IB  7 

800 

62,40 

40 

IS'J 

80 

87 

15.0 

20.0 

5LS1 

«0.«) 

Average. 

84.6 

87 

60.58 

•  NoTH.— Curd  lo«l.  t  M.B.P.  of  urdi  not  pnurvBd. 

Total  I.H.P 81. as 


Yariation  in  loud,  42^. 

Variation  in  speed,  1^. 

Average  admie^ion  pressure  from  indicator  card,  higli-prossure, 
4S.8  lbs.  above  the  atmosphere. 

Average  admission  pressure  from  indicator  card,  low-pressnre,  1.0 
lbs.  above  the  atmosphere. 

Average  back-prcBBiire  from  cards,  high -pressure,  3  lbs,  above 
atmosphere. 

Average   back-pressure   from  cards,  low-pressure,  S   lbs.  below  1 
atinospiierc. 

Averane  wntcr-rate,  coinpnted   from  eud  of  stroke  on  card,  21.1 
lU. 
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SOUTH  ENGINE,   ADRIAN,   MICH.,    BUILT   BY   LANSING    IRON  AND 

ENGINE  WORKS. 

Dimensions  and  cards  as  in  north  engine.     Waters*  throttling 
governor,  link  valve  motion. 
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Hioh-Pkusuiub. 
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7 
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87 
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18.6 

46.10 
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4  2 

88.97 

8 
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84 

27 

17.2 
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45.52 
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8.5 

25.66 

0 
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85 

27 

17.2 

12.7 

44.16 

5.6 

8.5 

29.95 

10 

194 

84 

27 

17.4 

18.0 

45.87 

6.5 

8.8 

80.97 

11 

163 

a5 

27 

26.8 

10.6 

46.77 

84.80 

Av'age. 

192.6 

83.7 

271 

18.57 

18.28 

45.88 

5.74 

8.92 

81.80 

Total  LH.P 77.( 

Variation  in  load,  14j^. 

Variation  in  speed,  3^ — not  taking  No.  11  Intoacconnt,  as  change 
of  speed  at  this  point  was  due  to  change  of  governor. 

Average  admission  pressure  from  indicator  cards  (Figs.  126, 126 
and  127),  high-pressure,  43.3  lbs. 

Average  admission  pressure  from  indicator  cards  (Figs.  125,  126 
and  127),  low-pressure,  .50  lbs.  above  atmosphere. 

Average  back-pressure  from  indicator  cards,  high-pressare,  3.7 
lbs.  above  atmosphere. 

Average  back-pressure  from  indicator  cards,  low-pressare,  8.5 
lbs.  below  atmosphere. 

Average  water  rate,  computed  from  end  of  stroke  on  cards,  22.3 
lbs. 

The  total  LH.P.  of  the  plant  would  be— counting  one  I.H.P.  of 
condenser  pump  equal  to  3.6  times  that  of  the  engine,  becanse  of 
the  high  water  rates  of  the  indicator  cards — 

Condenser  pump 8.18 

Feed-puuip 2 .  25 

Both  engines 188.96 

Total 169.88 
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The  calorimeter  tests,  which  were  conducted  thronghont  the  trial, 
gave  results  showing  on  the  average  .071j<  of  entrained  water  in  '. 
the  steam,  as  follows : 


CALORIMETER  MEASUREMENTS. 
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80 
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21 
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130.2 

1180.7 

1050.5 

14.3 

67.9 

885.5 

.09 

1 

Average 071 

Weight  of  empty  barrel,  64  Ibp. 

WATER  TEST.     ' 

The  water  was  weighed  throughout  the  test,  the  consnniptioD 
being  at  the  rate  of  5,028.57  lbs.  per  honr ;  deducting  from  this 
the  entrained  water,  the  consumption  of  steam  per  hour  would  be 
4,671.54  Ibe.  The  consumption  per  LH.P.  would  be  27.53  of  steam 
per  liour.  During  tlie  test  there  was  no  means  of  pumping  from 
the  hot  well,  consequently  water  from  the  city  waterworks,  having 
a  temperature  of  49.6°,  was  pumped  directly  to  the  boiler. 


FUEL   CONSDMPTION. 

The  fuel  used  was  wet  Jackson  Hill  slack  coal ;  the  amount 
burned  per  hour  was  811.33  lbs.  At  end  of  test  the  ash  was 
weighed  back,  amounting  to  142.66  lbs.  per  hour,  or  17..6j<  of  the 
weight ;  100  lbs.  of  the  coal  was  dried,  and  lost  by  evaporation  11 
lbs.  After  making  these  corrections  the  combustible  per  hour  was 
579.33  lbs.  This  makes  the  consumption  of  coal  4.79  per  I.H.P., 
and  of  combustible,  3.42  Ibe.  per  I.H.P.,  the  feed-water  having  a 
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temperature  of  49.6°.     Had  the  feed-water  a  temperatare 
consumption  would  liave  been  as  follows : 

4.52  lbs.  coal  per  I.H.P.  per  hour. 

3.24  lbs.  combustible  per  I.H.P.  per  hour. 

THE  BOILERS. 

Ordinary  tubular  boilers,  clean  and  in  good  condition, 
leaks,  furnished  with  domes.  The  evaporation  of  feed-wi 
49.6°  was,  per  pound  of  coal,  5.75  lbs.  of  water;  per  pounc 
bnstible,  8.05  lbs.  of  water.  The  evaporation  from  and 
would  be,  per  pound  of  coal,  6.78  lbs.  of  water;  per  poun( 
bnstible,  9.50  lbs.  of  water. 

TEST  OF  TWO  COMPOUND  CONDENSING   TRIPLE-EXPA 
ENGINES  AT  JACKSON  ELECTRIC  LIGHT  STATION 

High-pressure  cyl'mders ^  x  20  iD( 

Intermediate  **        14  x  20 

Low-pressure  **        21x20 

The  south  engine  has  an  automatic  governor  attache 
valves  of  the  9J  and  14"  x  20"  cylinders,  the  valve  of  the 
sure  cylinder  being  worked  with  a  fixed  eccentric. 

The  north  engine  has  automatic  governor  attached  to 
valves.  Tlie  engines  are  so  arranged  that  they  can  Ix 
together  on  the  same  shaft  or  run  independently.  For  the 
of  testing,  the  engines  were  worked  separately,  bu£  there 
possible  means  of  obtaining  separate  eiiiciencies,  as  steam 
plied  to  both  engines  from  same  boilers. 

The  water  rates  from  the  indicator  cards  were  op  the 
15.92  pounds  per  hour  for  the  north  engine,  and  15.8S  p€ 
hour  for  the  south  engine.  The  vacuum  gauge  of  the  sent 
during  the  test  showed  about  24  inches,  that  of  the  north  c 
inches;  an  accident  which  happened  during  the  day  being 
able  for  the  poor  vacuum  in  the  north  engine.  Had  ib 
gauge  been  in  usual  condition,  the  economy  of  the  noii 
would  have  been  better ;  the  water  rate  probably  would  hi 
pounds  to  the  J.H.P.  per  hour,  measured  from  the  indica 
(Figs.  130,  131,  132). 

The  following  are  the  results  of  the  test: 
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SOUTH   ENGINE. 
Indicator  Card*. 
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WATER  cxnieirur'iioir. 


Tlieanioiiiit  of  water  need  by  tbe  engines  per  hour  equalled  4,960 
11(9. ;  this  iB  equal  to  18.61  lbs.  per  I.H.P.  per  honr.  Deducting 
cntraiiiud  WHter,  .03^^,  tlie  water  consumption  of  tbe  en^oe  wu 
17.98  lbs.  per  I.H.P. 

EVAPORATION   OF  BOILERS. 

7419  lbs.  of  water  raised  from  a  temperatnre  of  110°  and  con- 
verted iuto  steam  at  a  preeeurc  of  97  lbs.  for  each  gallon  of  oil 
burned.  This  would  make  the  evaporation  work  of  one  gallon  of 
oil  82.49  lbs.  of  water. 

If  the  weight  oi'a  gallon  of  oil  is  7.4  Iba.,  the  evaporation  wonld 
he  11.15  ibs.  of  water  to  one  pound  of  combuBtible. 


FDEL    PBR   ONE    IIOR3E-FOWBB. 


The  consumption  of  oil  was  80.72  gallons  per  bom-  for  26443 
l.n.P. :  this  is  equal  to  .303  of  one  gallon  per  I.H.P.  per  hour. 
An  approximation  of  the  fuel  used  per  I.H.P.,  extending  over  a 

long  time,  by  Mr.  James  Foote,  was  as  follows :  i 


TESTS   OF   SEVEBAL   TYPES  OF   ENOINES. 


375  H.P,  for  5  hour 
280  H.P.  ■■  8t  ■' 
30H.P,   "   8 


:   OF    STATION. 

=  1,875  H.P.  (or  o: 
=  1,055  H.P.  "  ' 
=        80  H.P.   ■'     ' 


This  wonld  give,  on  tiie  average,  3.37  H.P.  from  one  gallon  of 
oil,  or  an  amount  very  nearly  the  eame  aa  obtained  in  die  test. 


TESTS  OP  SEVEBAL  TTPK9  OF  BKaiNBS. 


TBBT8  OF  SEVERAL  TYPES   OP   ENGDIE&  JOi 

ELECTRIC  LIGHT  STATION  TItlPLE  EXPANSION  ENGINES. 

lAOB  lUUBUSEUBNTB  FROM   INDICATOR  CARDS.      (FIgP.  13S,  134.) 
SOITTII  ENfltSK. 
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TRIPLC  EXPANSION  CNQINK, 
JACKSON,  MICH. 
BUILT  BY  LANSING  IRON  WORKS. 
LANSING,  MICH. 

Steam  Pressure  98  lb&  Gauge 

Revolutions  165 

Vacuum  21  in. 

1  n  P.  143 

Equivalent  Volume  Diagram 
20  Spriug 


Fig.  133. 
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Fig.  134. 
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cusaiON. 

Prnf.  D.  S.  Jacobus.— \  woulii  lite  to  aak  about  the  percentage 
of  entrained  water.  The  author  has  found  about  6|'\)S^  in  one 
case,  and  some  of  the  tests  appear  to  show  a  still  greater  amount. 
This  is  higher  than  one  will  ordinarily  find  with  the  engine  stand- 
ing near  the  boiler.  The  paper  states  that  the  pipe  is  covered, 
and  under  this  set  of  conditions  I  should  think  that  was  a  very 
high  percentage  of  priming. 

J/r.   Carpenter. — The  calorimeter  teats  are  described  in  the 
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paper.     In  that  engine  the  boiler  was  abont  seventy-five  leeX 
distant.     I  think  the   calorimeter  tests   ran  quite  evenly.      ^ 
had  a  very  good  pair  of  scales  and  a  standard  thermomet^^ 
24  inches   long,   made  by  Henry  J.   Green.      Nearly  all  tb© 
engines  showed  a  great  deal  of  entrained  water,  although      X 
think  with  this  exception  all  the  pipes  were  uncovered. 

Prof,  Jaeohus. — Were  the  results  obtained  with  the  Vanr^l 
calorimeter  checked  in  any  way,  such  as  by  observing  the  ^  ap- 
pearance of  the  steam  on  issuing  from  an  orifice  ?  I  have  ma 
a  number  of  tests  with  barrel  calorimeters,  and  I  find,  by  altori 
the  conditions,  under  certain  circumstances  widely  different  ir 
suits  may  be  obtained.  Experiments  made  in  order  to  determL: 
the  calorific  effect  of  a  wooden  barrel  do  not,  as  a  rule,  agree  y» 
well  with  each  other. 

Mr.  Carpenter. — I  made  these  calorimeter  tests  as  care 
as  I  could.     I  know  that  difficulty  very  well  with  the 
calorimeter,  and  I  have  also  experienced  the  same  irregula. 
ties  with  other  calorimeters.     I  had  no  way  of  checking  b 
results,  but  believe  them   to  be   quite  accurat'e.     I  made 
correction  for  temperature-equivalent  of  the  barrel,  as  it  wo 
in  any  event  have  scarcely  changed  the  results.     I  have  no  qu 
tion  in  my  mind  but  that  all  calorimeter  measurements  are  lik 
to  be  somewhat  irregular.     I  have  often  noticed  this.     I  presu: 
all  have  felt  it.     I  have  never  been  satisfied  in  my  own  mi 
whether  that  was  the  fault  of  the  calorimeter  or  the  flowi 
over  of  entrained  water.     I  have  recently  concluded  that  it 
very  likely  to  be  the  actual  flowing  over  of  the  water  ;  beca 
I  know,  if  the  water-line  changes  a  little  or  the  action  of  t 
engine  requires  a  little  more  steam,  the  effect  is  to  make 
pulsation  or  wave-motion  which,  I  think,  might  draw  over  t 
water.     The  calorimeter  measurements  were  made  in  that  w; 
and  as  carefully  as  possible  under  the  circumstances.     I  belie 
the  results  in  that  especial  case  to  be  correct. 

Mr,  T.  J.  Borden. — Will  Mr.  Carpenter  state  to  us  how 
pipe  was  taken  from  the  boiler ;  whether  it  was  taken  from 
shell  without  any  enlargement  of  the  opening  ? 

Mr.  Carpenter. — This  particular  pipe  was  taken  directly 
the  boiler,  carried  up  to  a  height  of  three,  possibly  four,  feet, 
then  carried  over  to  the  engine,  which  was  in  an  adjoining  roo: 
and  there  were  three  or  four  elbows — I  am  not  oertain  ab<^ 
the  number — making  a  total  distance  of  about  seventy-five 


^i^^ 
^h^ 


TESTS   OF  SEVERAL   TYPES   OF   ENGINES.  761 

It  was  covered  with  a  composition  invented  by  the  miller,  and 
made  by  simply  putting  on  flour,  bran,  and  middlings  mixed  with 
water,  making  an  adhesive  coat  which  was  almost  as  firm  as  a 
plastered  wall,  and  it  had  been  on  several  years. 

Mr,  Nagle. — I  would  suggest  to  Mr.  Carpenter  that,  when  he 
uses  the  calorimeter,  he  pursue  the  method  Mr.  Barrus  does  in 
the  use  of  his  calorimeter — that  he  try  it  also  when  the  engine 
is  not  using  steam ;  and  that  would  be  a  check  on  all  his  cal- 
culations. 

Mr.  Carpenter. — It  would  not  check  it  at  all.  The  wet  steam 
in  the  case  under  discussion  was  no  doubt  due  to  the  high  water- 
line  carried  by  the  firemen,  in  spite  of  all  my  remonstrances. 

3Ir.  Nagle. — Have  you  ever  tried  it  ?     Do  you  get  dry  steam  ? 

Mr.  Carpenter. — I  have,  and  sometimes  get  dry  steam. 

Mr.  Webber.— 1  would  suggest  that  Mr.  Carpenter  do  not  use  a 
barrel  calorimeter  at  alL  If  he  used  a  Barrus  or  Peabody  cal- 
orimeter he  would  get  better  results. 

Mr.  Carpenter. — These,  especially  the  old  forms,  would  require 
drier  steam  than  we  get.  I  believe  the  barrel  calorimeter,  care- 
fully handled,  will  give  fairly  accurate  results. 
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CCCLXXXV.  • 

P^CLET'S  TREATMENT  OF  CHIMNEY  DRAUGHT 

BT  J.  BURKITT  WEBB,  HOBOKBNf  N.  J. 

(Member  of  the  Society.) 

In  the  discussion  upon  chimney  draught  at  the  last  meeting  of 
this  Society  I  commented  briefly  upon  the  treatment  in  P^clet  and 
promised  a  paper  upon  the  subject  at  this  meeting.  My  part  in 
that  discussion  should,  therefore,  be  read  in  connection  with  what 
follows  here,  to  avoid  needless  repetition. 

The  portion  of  that  treatment  which  it  was  the  intention  to 
discuss  may  be  translated  freely  as  follows :  * 

"  538.  If  the  pressure  be  expressed  in  a  column  of  air  at  0  de- 
grees, we  have,  x  being  the  height  of  the  column, 

if  it  be  expressed  in  a  column  at  t  degrees,  it  will  be 

1  +  at)    ' 


P6clet,  in  his  last  edition,  chose  the  first  in  accordance  with 
some  experiments,  not  very  complete,  and  which  seem  insufficient 
to  decide  the  question. 

"  539.  The  mechanical  theory  of  heat  allows  the  difficulty  to  be 
solved. 

Suppose  that  at  the  base  of  the  chimney  the  atmospheric  press- 
ure expressed  in  kilogrammes  per  square  meter  is  p^  ft"d  that  d 
is  the  temperature  of  the  outside  air,  also  that^  is  the  pressure  at 
the  top  of  the  chimney  and  t  the  temperature  of  the  air  which 
flows  out. 

If  we  consider  an  inflnitely  thin  slice  of  air  in  the  chimney,  dh 

*"  TraiU  de  la  Chaleur  par  E.  Peclet,  Qaatri^me  Edition,  publico  par  A, 
Hudelo."    Vol.  I.,  page  279. 
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<  its  height  and  di  the  variation  of  the  temperature  of  the 
its  paesflge  across  the  slice;  Buppoeing  no  heat  to  he  lost 
\i  the  walls  of  the  chimney,  and  putting  u  for  the  velocity, 
crease  of  external  kinetic  energy  of  one  kilogramme  of  air 
•g  through  one  square  meter  of  the  section  of  the  chimney 
>e  Ww  -i-  g,  the  work  equivalent  of  the  heat  wliich  disappears  . 
be  dQ  -i-  A,  and  the  work  done  against  gravity  will  be  dh. 
er|Dation  for  the  energy  will  then  be 

^'^«  =  ^_rfA (1) 

g         A  "■  ' 

On  the  other  hand,  if  we  consider  the  air  entering  the  chimney 

t  the  temperature  0  and  at  the  pressnre  p^,  it  mnst  be  heated  by 

he  fire,  under  the  constant  preaaurej^o,  to  a  temperature  t',  such 

hit  after  expanding   adiahatically  it  will  reach  the  top  of   the 

chimney  with  the  temperature  t  and  pressure  p,  so  that  we  shall 

lisve 

1  +  at  _  ^^\  ^iL 

I  +al'  ~  \pj 

.,  i'  - 1 

or,  II  we  put  — T —  =  n 


and  finally 


Tlic  equation  (1)  being  integrated,  gives  for  the  velocity  of  osit 
of  the  air 


=i:^'-- 


H  being  the  height  of  the  chimney,  whence 

.       ^  =  iv-t)-H. (3) 

and  consequently 

W*  _    C^  \+^      jPo"  —  P"  _     TJ 

If  i?  is  the  mean  weight,  in  kilogrammes  per  cubic  meter,  of  a 
eoliiinn  of  the  exterior  air  the  height  of  the  chimney,  we  shall 
have 

p,=p  +  ED; 
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and,  if  we  put 

we  shall  have 

j[?„  =  (1  -f  in)  UD  =  m(\^^  HD, 


wlienee 


©^^  =  m"  (^1  +  n  —  +  n  in  -  1)  J-  +  ;  .  .^^'Z^, 


and,  as  7/1  is  a  very  large  number,  we  shall  have 


^.«  =  »r.-5'»i?«(l  +  £-), 


whence 


p^  m 


Substituting  this  in  the  value  of  u  it  becomes 

u'      On  1  +  at 


2(/      A '    am 
but  we  have 


-^/ (4) 


-  _P_  ^  _  0-76  X  13.6a 
''^~HD'A'~        1.293       ' 


and  if  we  suppose 


2>  = 


1.293  (/?  +  />,) 


2  (1  +  a(50  0-76  x  13.6 ' 

we  have,  by  substituting  these  values, 

v^  _p-\-Pa  „1  +  at  _  TT 
%f~     2p       .1  +  ae     ■°* 

Now,  without  sensible  error,  we  may  put 

P+Po-X 

,                                      It*     Ha  (t  —  9)  ,_v 

^^■''^"°°  Tg=    \\ae ^^^ 

The  last  formula  is,  therefore,  the  one  tliat  is  to  be  used. 
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"  540.  Accepting  this  formula  there  reeults  for  the  velocity  of 
tlie  cold  air 


i  +  niy  '^ r+as 


or, 

^  =  Y^VW(J^rsyix+7>),  .   .  .   (A) 

the  velocity  of  the  hot  air  being 


-■  =  o-^'^\/^rTlir <^ 


"  544.  If  we  compare  the  results  deduced  from  formula  {A)  witli 
those  obtained  by  employing  the  formula,  which  euppoete  the  head 
expressed  in  cold  air,  we  have,  ibr  8  =  zero. 

and  if  wo  make  i  successively  equal  to  50°,  100°,  150°,  200%  250», 
300°,  350%  400°,  500%  1000%  1500%  2000%  we  Jind  for  the  valueB 
of  the  seeoud  factors  .39,  .51,  .57,  .64,  .68,  .71,  .74,  .76,  ,80,  .88, 
.91,  .93. 

As  far  as  100°  the  results  deduced  from  the  two  formulas  differ 
but  little,  and  for  a  temperature  of  300%  which  is  rarely  exceeded 
ill  practice,  the  values  are  in  the  ratio  of  7  to  5." 

It  ia  difhciilt  to  see  why  certain  parta  of  this  analysis  may. not 
be  shortened  to  advantage  ;  we  shall  therefore  venture  to  remodel 
it  and  shall  be  able  to  examine  it  more  satisfactorily  in  the  reduced 
form.  The  equations  will  be  numbered  to  correspond  with  the 
previous  ones,  and  centigrade  degrees  will  be  adhered  to. 

In  the  paragrapii  following  equation  (1)  it  will  be  better  to  in- 
trodncc  To,  r  and  r'  for  8,  t  and  t\  and  then  to  proceed  immediately 
with  the  integration  of  (1),  thus : 

Intei'rating  between  the  limits  r  and  t'  we  have 


2s-  A'- 
where  //  is  the  height  of  the  chimney. 


-ir,  .  .      .  oi 
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By  the  law  of  adiabatic  expansion 

r        pn^ 

from  wliicb,  by  division, 

,.-,  =  ,al.z£=.[(^)"-x]. 

k  —  1  ■  •■ 

Ilere  n  =  — r— ,  and  if   we  put  J?©  ==  i>  +  ^P  we  shall  get 

=  ,[(n.„^+et«.)-l]=,»^ 

approximately,  the  higher  powers  of  —  being  omitted  from  the 

development  as  insignificant. 
Substituting  this  value  of  r'  —  r  in  (3')  there  resnltp 

U^  Cnr  ^  rr  PMr. 

-  =  -^Ap-H, (40 

which  is  in  terms  of  the  temperature  and  pressure  of  the  air  issu- 
ing from  the  top  of  the  chimney. 

Q 

-r  is  the  work  equivalent  of  the  heat  required  to  raise  a  kilo- 
gramme of  air  1°,  and  Cn  -^  A  is  the  external  work,  or  work  of  dila- 
tation per   degree,  Qir  -?-  ^  is  then  the  work  of  dilatation  for 

T  degrees,  which  is  equal  to  j/o  ;  therefore  Cm -i- Ap  =  v  =  -zj 

o 

V  being  the  volume  of  a  kilogramme  of  hot  air  at  the  top  of  the 

chimney  and  6  the  weight  of  a  cubic  meter  of  the  same. 

We  can  now  write  (4:')  in  the  form 

|=f-ir=s'-B; «, 

Now  ^2^  is  the  weight  of  a  column  of  cold  air  whose  section  is 
unity,  height  /^  and  temperature  9\  therefore  ^p -¥  6  is  the 
lieight  //'of  a  column  of  hot  air  of  the  same  weight  and  section, 
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and  wboBQ  temperature  is  t.  Tlie  velocity  u  is  tlms  eeen  to  be  due 
to  tbe  excess  in  height  of  the  colnmn  of  hot  air  over  the  cold-air 
colnmn.  The  expression  may  be  further  simplified  hy  expressing 
ff'  in  terms  offl"ftnd  the  temperatnres, 


and  this  reduces  the  last  equation  to 

a;" 


(6') 


Comparing  the  analysis  with  this  modified  form  we  see,  first, 
that  the  introdactioii  of  m  is  no  Biniplitication  and  is  unneceeeary  ; 
second,  that  the  introduction  of  the  mean  density  D  of  the  outside 
air  is  not  only  useless  but  misleading.  The  formula  for  D  is  only 
approximate  at  best,  and  wiien  (p  +  p„)  -f-  2p  is  put  equal  to  1 
{i.e.,p  =  Pa)  it  changeaZ*  to  the  density  of  the  coid  air  at  the  top  of 
the  cliimncy,  so  that  the  plainest  way  would  have  been  to  take 
tbe  density  there  in  tbe  first  place  as  sufficiently  exact,  instead  of 
leading  up  to  it  by  two  approximations,  the  latter  of  wlucli 
(Po~p)  would  be  inadmissible  in  other  parts  of  tlie  analysis. 
But  D  is  not  wanted,  because  Jp=pg  ~p  is  evidently  a  more 
available  and  exact  value  for  the  weight  of  the  cold-air  column 
than  HD  is,  and  because  the  densities 
disappear  from  the  final  equations.  ^     ■S 

Thus  much  in  reference  to  the  algebraic     ^    $     i. 
features  of  the  analysis;    we  shall   now    1 
examine  the  theniiodynamie  part.  § 

Fig.  135  is  drawn  to  illustrate  the  sup-    |~^     ^ 
positions  of  the  paragraph  preceding  equa-  fig.  la?. 

lion  (1).  Of  course  dk  is  phis,  and,  sup- 
posing dii  plus,  dQ  will  be  plus  and  dr  minus.  Q  ia  the  quantity^ 
of  heat  furnished  by  the  air  in  cooling  d-T,  and  this  is  the  only  i 
change  of  heat  involved  in  creasing  the  ditfei-ential  slice.  Bnt 
equation  (1)  is  not  complete,  an  important  term  being  omitted; 
we  shall  therefore  produce  the  correct  equation  and  compare  it 
with  (1). 

The  only  way  in  which  a  velocity  can  be  inereased  or  a  weight 
lifted  is  by  the  application  of  a  force  in  the  proper  direction.    The  , 
force  in  this  case  most  be  an  excess  of  pressure  at  the  lower  face  of* 
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the  slice  over  that  at  the  nppor,  and  the  only  way  in  which  the 
quantity  dQ  of  heat  is  concerned  is  in  assisting  to  create  this  dijSer- 
ence  of  pressure ;  jp  being  the  pressure  at  the  lower  surface  of  the 
slice,  that  at  the  upper  is  p  +  dpy  dp  being  minus.  The  work  done 
on  a  kilogramme  of  air  passing  across  the  slice  is  therefore  the 
product  of  —dp  by  the  volume  of  one  kilogramme  or  —vdjpy  so 
that  we  have 


^9 


4-c2A=  —  vdp 


(1") 


Fio.  186. 


the  minus  sign  being  needed  to  reverse  the  intrinsic  sign  of  dp  and 
make  the  expression  for  the  work  plus. 

The  shaded  area  in  Fig.  136 
shows  this  work  corresponding  to 
the  expansion  of  the  air  along 
the  adiabatic  curve  from  d  to  c. 
Kow  this  adiabatic  expansion  is 
a  compound  of  the  ieiothermal 
expansion  d!b  and  the  fall  of  tem- 
perature ho  at  constant  volume; 
in  the  same  way  the  fall  of  press- 
ure dp  is  equal  to  the  isother- 
mal fall  ah  plus  the  further  fall  he  to  the  adiabatic,  between  which 
there  exists  the  relation 

he:  ae^liy  —  Ci :  C. 

The  quantity  of  heat  dQ  corresponds  to  the  fall  of  pressure  hc^ 
being  equal  to  v,  he  =  Qdr^  comparing  whicli  with  the  term  in  (1"), 
whose  value  is 

—  vdp  =  Cdr^ 

it  appears  that,  to  make  (1)  true,  its  right  hand  member  should 
have  added  to  it  the  term 

{C'-C,)d.r. 

Tlie  heat  represented  by  this  expression  is  part  of  tlie  latent  heat 
given  to  the  air  in  heating  it  from  r,  to  t' — i.«.,  from  0  to  t' — at 
which  time  it  was  converted  into  work  and  stored  up  by  gravity. 
While  the  addition  of  this  quantity  would  make  (1)  correct,  it  could 
only  enter  as  representing  a  quantity  of  work,  not  heat,  and,  in- 
deed, this  is  the  only  way  in  which  dQ  can  enter,  both  being 
included  in  the  work  —  vdp. 
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Equation  (3)  is  the  integral  equation  of  (V)  and  ib  not,  therefore^  J 
the  integral  of  (1) ;  60  that  the  analysiB  contains  not  only  what  wb  ■ 
cannot  help  regarding  as  an  error,  bnt  a  second  compensating  one. 

It  is  to  be  noticed  that  in  similar  equations  (page  169)  the  term 
Las  not  been  omitted. 

The  meaning  of  the  artificial  temperature  i',  or  r',  whichis  used  i 
as  a  limit  in  equation  (2),  must  now  be  considered.  It  does  not  I 
appear  from  the  anal^fEis  that  the  author  liad  its  meaning  clearly  ial 
mind. 

It  will  be  seen  that  this  temperature  has  no  counterpart  in  aa  I 
actual  chimney  and  that  its  introduction  requires  a  considerable] 
modification  of  the  problem.  The  use  of  t',  therefore,  with  uo  proolB 
that  such  a  modification  is  admissible,  affects  the  reliability  of  thej 


Fio.  188, 


flrgnment  and  might  raise  doubts  as  to  the  accuracy  of  the  i-eeult, 
were  it  not  otherwise  known  to  be  correct. 

Fig.  137  corresponds  to  an  actual  chimney  in  which  the  air 
acquires  a  velocity  before  it  reaches  the  fire  FP,  and  in  doing  so 
experiences  an  adiabatic  fall  of  tcmiicratnre  and  pressure  from  r,  to 
T,  and  from  p„  to  pf.  The  fire  then  heats  it  to  Tj  and  greatly 
increases  its  volume,  so  that  the  velocity  must  correspondingly 
increase,  which  requires  the  further  fall  of.  pressure  from  2>i  to 
p.  The  pressui-e  will  then  fall  still  furtlier  lo  ^,  producing  a 
further  increase  of  velocity,  if  the  cross-section  decreases  before 
reaching  the  top  of  the  chimney.  If  the  air  is  supplied  freely 
beneath  the  grate  the  most  of  the  velocity  is  produced  by  the  fall 
of  pressure  j!>, —^.     It  should    he  borne  in  mind  that  the  only  1 
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thing  which  can  prodnce  velocity  is  force — i.  e.,  here,  the  different 
of  presBure;  heat  or  the  difference  of  temperature  cannot  do  id 
except  by  producing  a  difference  uf    preeBtire.     Prictioii  ia  alaol 
supposed  to  he  nothing,  bo  that  all  the  dificrence  of  pressure   is. I 
Available  to  produce  velocity. 

Now.  T,  is  not  the  temperature  r',  and  to  nnderstHnd  the  latter 
purely  artificial  temperature  we  must  have  recourse  to  Fig,  138. 
Here  tlie  fire  is  supposed  to  be  removed  to  GG'  or,  indeed,  re- 
moved altogether  and  in  its  place  a  grating  of  wire  substituted, 
which  can  be  heated  elcctrieally  to  any  desired  temperature.  The 
cross-aection  GG'  is  supposed  infinite  so  that  the  wires  may  offer 
no  obstruction  to  the  passage  of  the  air.  There  will  then  he  no 
finite  change  hut  that  of  temperature  and  volume  as  the  air  passes 
the  wires;  the  pressure  on  both  eides  will  be^o,  and  the  velocity 
zero,  t'  is  then  the  temperature  to  which  the  air  must  be  heated  in 
order  that  it  may  cool  off  to  r  by  the  time  it  reaches  the  chimney 
top,  and  r'  does  not  agree  with  any  particular  temperature  in  an 
actual  chimney. 

This  view  of  the  problem,  admitting  its  eorreetness,  is  a  very 
interesting  one,  for  it  reduces  the  question  to  that  of  the  flow  of  the 
air  from  a  reservoir  where  the  pressure  i8^„  and  temperature  i'; 
in  fact,  the  conditions  between  G  and  Tare  precisely  the  same  as 
in  that  case.  The  only  difference  between  the  two  is  in  the  way  lu 
which  the  air  at  p^  and  temperature  t'  is  supplied.  In  the  reservoir 
there  is  a  quantity  of  such  air  ready  stored  up,  by  which  the  flow 
is  sustained,  while  in  the  present  problem  the  air  is  put  into  the  con- 
dition Pa  l\  as  fast  as  it  is  needed,  by  passing  the  heated  grate. 

It  would  seem  that,  witli  this  view  clearly  in  mind,  the  author 
might  have  avoided  the  duplication  of  the  analysis  by  referring  to 
a  pi'evioUB  treatment  of  the  subject.  Compare  the  analysis  with 
that  on  pages  168,  et.  seg. 

In  a  chimney  100  metres  higli,  if  r  were  double  t„  t'  —  r  would 
be  about  two  degrees  centigrade. 

Equation  (4^)  not  only  shows  that  the  thermo- dynamic  part  of 
the  analysis  has  been  eliminated,  but  indicates  that  the  true  origin 
of  the  velocity  is  the  liead  H'  —  H,  which  is  equivalent  to  saying 
that  the  better  way  to  treat  the  question  is  to  start  with  the  gen- 
eral equation 

u  =  V'2<?A 
and  substitute  the  proper  value  of  /(,  which  is  not  at  all  ambiguous. 


I  PECLET's   treatment  op  CHDCNET  DEAUaHT.  T71 

(See   Paper  No.    CCCLXSXVL,    TIte    Mechanical    Theory    of 

f^inney  Draught.) 

Vfith  BO  small  a  ralne  as  r'  —  r  <  2°  it  must  be  evident  tbat,  iii 
Bniiing  h  by  tbe  ordinary  method,  it  is  suSieiently  accurate  to  aiip- 
poM  all  the  air  in  the  chimney  to  be  at  tlie  temperature  r,  thus 
ttiing-  no  account  of  its  slight  change  in  density  between  the  top 
»oJ  bottom. 

/Note. — Thit  paper  reeeited  diteuuion  jointly  leilh  lh4  ether  paper  bg  ths 
**^  t»>it!ior,  entitled  "  Tke  MeeHiinifJii  Theory  of  Chimney  Draught,"  prinled 
*-Vo.   CCCLSSXVI.  0/ the  papers  o/lhit  meeting.] 
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CCCLXXXVI. 

THE  MECHANICAL  THEORY  OF  CHIMNEY  DRAUGHT. 

BT  J.  BURRITT  WEBB,  HOBORXN,  K.  J. 

(Member  of  the  Society.) 

In  a  previous  paper  the  statement  was  made  that  when  the  draught 
of  a  chimney  is  produced  by  the  heat  of  a  furnace  its  velocity  does 
not  depend  directly  upon  the  expenditure  of  heat,  and  therefore  is 
not  a  problem  in  thermo-dynamics.  It  was  further  stated  that  the 
velocity  depended  directly  upon  the  action  of  gravity,  and  the 
phenomenon  was  likened  to  that  of  a  clock,  whose  speed  of  run- 
ning is  controlled  by  a  pendulum.  By  the  winding  up  of  a  weight 
energy  is  stored  and  thus  placed  at  the  disposal  of  the  mechanism, 
but  the  rate  at  which  the  mechanism  uses  the  energy  is  controlled 
by  gravity. 

The  chimney  may  also  be  compared  to  a  vessel  kept  full  of 
water,  which  is  allowed  to  flow  out  of  a  hole  at  the  bottom ;  the 
velocity  of  tlie  issuing  jet  depends  upon  the  head  of  water  in  the 
vessel,  and  so  in  the  chimney  the  velocity  of  the  issuing  hot  air 
depends  upon  a  head  of  hot  air.  In  both  cases,  if  the  flow  is  to 
be  kept  up  continuously,  as  much  must  be  supplied  as  flows  out, 
and  this  requires  water  to  be  lifted  in  the  one  case  and  air  in  the 
other. 

We  shall  in  this  paper  show  exactly  how  gravity  acts  in  pro- 
ducing the  velocity  of  the  hot  air  in  a  chimney,  and  how  the  heat 
acts  to  keep  gravity  wound  up,  so  to  speak. 

Let  CD  (Fig.  139)  be  a  chimney,  say,  330  feet  high  by  1  foot- 
square  section,  full  of  hot  air,  and  let  J.^  be  a  shaft  100  feet 
square,  of  the  same  height,  full  of  cold  air,  5(7  being  a  passage  con- 
necting the  two.  For  the  sake  of  simplicity  we  shall  assume  that 
the  air  in  the  chimney  is  so  hot  that  its  density  is  but  half  that  of 
the  cold  air,  and  that  after  the  air  is  heated  no  heat  is  abstracted 
by  a  boiler  or  lost  through  the  walls.  By  placing  the  grate  near 
the  bottom  of  the  large  cold-air  shaft  it  will  be  so  large  as  to 
offer  no  perceptible  obstruction  to  the  passage  of  theair,tand  we 
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ipofle  that  the  grate  bare  ai-e  simply  wires  capable  of 
I  by  electricity,  so  that  there  will  be  no  coals  to 
iow  and  60  that  the  lieat  can  be  turned  on  ami  off  by 

breaking  the  circuit.  Let 
I  grating  of  wires, 
air  shaft  having  10,000 
;tion  of  the  chibiney,  and 
•nly  half  the  density  of  tlie 
ity  in  the  shaft  will  be  but 

in  the  chimney,  and  there- 
ble. 

eridentat  once  that,  if  the  ' 

n  full  draaglit  and  if  the 

3ken  80  as  to  stop  the  supply 

liminntion  of  the  velocity 

itil  bU  the  hot  air  between 

18  passed  into  the  chimney. 

e  FEO  can  be  made  of  auy 

that   the  effect   upon   the  "" '"" 

Kipping  th'e  supply  of  heat  can  be  postponed  indufi- 

proves  that  the  heating  of  the  air  has  ?w  dirt-ci  effect 

the  velocity. 

rlierefore,  to  consider  separately 
}f  heating  the  air  and  the  production  of  the  velocity. 
re  of  the  atmosphere  at  A  and  D  being  the  same  may 

the  problem. 

THE    EFFECr   OF    HEATING   THE   AIR, 

e  cbimtioy  to  be  in  full  draught,  the  hot  air  issuing  at 
)city  of,  say,  100  feet  per  second,  and  let  the  heat  be 
iring  the  next  second  100  cubic  feet  of  hot  air  will 
and  an  equal  volume  will  pass  out  of  the  cold-air 
1  the  grating  without  undergoing  any  expansion,  eo 
;r  surface  of  tlic  air  in  the  sliaft  must  fall  ^Ju  of  a 
>se,  in  the  next  place,  that  there  is  no  draught  in  the 
imper  at  C  being  closed,  and  let  the  grate  be  of  such 
I  liold  50  cubic  feet  of  aii',  which  we  will  suppose  to 
■w  close  the  circuit  and  beat  the  air  until  it  expands 
10  cubic  feet.     This  will  raise  the  surface  of  the  air  at 


chimney  is   in    full  draught  and  the  heat   supplied 
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contiiiuoaslj  both  of  these  procesBeB  are  going  on  together.  The 
eurface  at  A  is  falling  ^iu  of  a  foot  each  second,  on  account  of  the 
flow  of  the  air,  and  it  is  being  lifted  5^  of  a  foot,  by  reason  of  the 
expansion  of  the  air,  the  two  operations  being  independent  of 
each  otlier. 

The  effect  of  heating  the  air  is  then  simply  to  keep  raising  the 
cold  air  in  AB,  which  acts  as  a  weight  to  keep  the  apparatus 
running — i.e.,  to  keep  the  chimney  drawing — one-half  of  this  weight 
being  balanced  against  the  weight  of  the  hot-air  column,  and  thi 
other  half  being  employed  in  maintaining  the  dratight. 

In   some  clocks  the  operation   of  winding  interferes  with  thd-^ 
running;  in  others  it  does  not.     I  once  arranged  an  astronomical 
-j^  clock   in  a  manner   corresponding   so   exactly  in   its 
principle  with  that  nf  chimney  draught  that  a  descrip- 
tion of  it  may  advantageously  be  given.     A  (Fig.  140) 
J  is  a  pendulum  clock.     B  is  the  main  arbor  to  which 
the  power  is  applied ;  on  this  arbor  is  a  wheel,  with 
a  V-groove  in  its  periphery,  around  which  passes  an 
endless  cord.     This  cord,  passing  also  around  a  similar 
wheel  C  free  to  rotate  in  the  direction  of  the  hands 
only,  sustains  a  larger  and  a  smaller  weight,  as  shown. 
By  rotating  the  wheel  0  the  clock  can  be  wound  with- 
out interrupting  the  action  of  the  weight   upon   B, 
whereas  in   an  ordinary  clock,  with   a  cord   simply 
^^4^        wound  on  a  drum  at  5,  the  winding  up  of  the  weight 
Ijl,^        interrupts  its  pull  on  the  shaft  B  and  may  cause  the 
_  pendulum  to  lose  a  beat,  or,  if  the  winding  is  done 

'''      ■        very  slowly,  the  clock  may  stop. 
There  is  nothing  to  prevent  the  winding  from  being  done  so 
slowly  as  to  become  a  continuous  operation,  the  weight  being  lifted 
each  second  the  exact  distance  tiiat  it  falls,  so  that   it   remains 
stationary. 

We  may  easily  vary  the  construction  in  Fig.  139  so  as  ^'isibly  to 
separate  the  action  of  raising  the  weight  from  that  of  producing  the 
velocity. 

Suppose  {Fig.  141)  that  the  oold-air  shaft  be  extended  to  twice 
its  former  height  and  connected  at  the  top  with  a  similar  shaft 
GH,  o^^ning  at  the  bottom  with  a  grating  of  wires  to  heat  the  en-' 
tering  air. 
The  atmospheric  pressure  must  be  supposed  the  same  a 
Id  l>e  made  so  by  having  a  gasometer  top  - 
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diffident  weight  to  make  up  for  the  different  actual   barometric 

pimnresat  Band  A. 

In  audi  an  apparntus  tlie  liot  grate  would  keep  GN  full  of  hot 
»ir,  liaviHg  substantially  no  velouitj,  the  acliou  of  the  heat  being  to 
make  eauh  enbic  foot  of  cold  air  2  feet  high,  or  to  expand  a 
Mlumu  half  IIG  high  into  one  with  tlie  lieight  IIG,  the  weight  re- 


*  ^t  balance  the  atmospheric  pressure ^o  at  tlie  bottom. 
Ij;      ~-^t  the  top  there  would  be  a  constant  flow  from  S  toward  A,  to 

^  *^  p  the  shaft  A5  full. 

THE    PRODUCTION   OF  THE    VKLOCITl'. 

^^       *3'hc  portion  of  tbe  apparatus  ABCD  would  be  devoted  to  pro- 

Y>  ^^cing  the  velocity  of  exit  at  D,  and  this  velocity  would  evidently 

^^  that  due  to  the  lieight  AD,  or  to  the  excess  of  the  height  of  the 

,^^^Iurnn  of  hot  air  ^B  over  that  of  a  column  of  cold  air  of  eqnal 

^^"eight  and  section. 

We  shall  have,  then,  velocity  =.  '/^gjAD). 
Were  it  advisable  to  take  account  of  the  change  in  density  be- 
tween the  bottom  and  top  of  the  columns  of  air,  we  should  need  a 
>:hernio-dynamic  formula  to  express  it  exactly,  but,  as  this  whole 
change  is  not  1^  in  the  height  of  the  chimney,  it  may  be  neglected, 
■'  ■'  '^■>  dfisired  to  take  it  into  account,  the  density  may  be  sap- 
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posed  to  vary  regular!}-  from  top  to  bottom.  When  it  is  remem->1 
bered  that  both  the  hot  air  in  a  chimTiey  and  the  cold  air  outside 
■  increase  in  density  downward,  and  that  it  !e  only  tiie, difference  be- 
tween tlieee  effects  lliat  influences  the  chimney's  action,  it  will 
readily  be  seen  that  there  is  no  use  in  attempting  to  include  varia- 
tione  in  density. 

For  the  purpose  of  this  paper  it  was  desirabte  to  assume  thfti 
sirapleet  conditions,  and  llierefore  to  leave  ont  fi-iction  and  otlifirl 
coraplicatioDs.  The  necessary  introduction  of  these  by  writers  1 
npon  the  subject  in  connection  with  actual  chimneys  in  no  way  i 
affects  the  argument  of  the  paper  showing  the  action  to  be  a  purely  J 
gravitational  one.  The  introduction  of  an  additional  resistanea  j 
simply  requires  an  additional  head  to  balance  it — i.  e.,  an  extra  i 
height  of  chimney. 

It  should  be  remembered  that  calculations  of  chimney  draught, 
8uch  as  are  to  be  found  in  tlie  usual  treatments  of  the  subject,  are 
made  on  the  supposition  that  the  chimney  is  the  most  contracted 
part  of  the  air  passage,  as  is  usual  where  plants  are  pro|>erly  pro- 
portioned. It  is  quite  easy  to  vary  the  conditions  sufficiently  to 
render  changes  in  tlie  calculations  necessary,  but  it  would  be  useless 
to  consider  such  cases  here,  because,  were  calculations  of  peculiar 
cases  to  be  made,  it  would  probably  require  as  much  judgment  to 
know  wliere  to  apply  them  as  to  make  them.  It  will  be  sufficient  to 
say  that  if  the  draught  be  throttled, "  so  to  speak,"  by  an  extremely 
small  grate  or  an  impervious  bed  of  coals,  or  by  closing  the  asli-pit 
doors,  we  shall  nut  have  the  usual  conditions.  At  least  it  would 
then  be  quite  out  of  place  to  calculate  the  velocity  on  the  supposi- 
tion that  tliere  was  a  chance  for  the  diimney  to  act  normally,  or  to 
discuss  the  temperature  in  the  chimney  for  the  production  of  the 
best  draught.  Naturally  we  should  open  tlie  ash-pit  doors  and  clean 
the  fii-e  before  thinking  it  worth  while  to  criticise  the  action  of  tlie 
chimney. 

DISCUSSION. 

Prof.  S.  B.  Gale. — This  paper,  considered  as  a  mathematical 
discnssion  of  the  theoretical  flow  of  heated  air  in  various  forms 
of  apparatus  more  or  less  resembling  a  chimney  and  furoiice.  pos- 
sesses a  considerable  interest ;  but  i  t  will  be  admitted,  I  think,  that 
it  is  necessary  to  assume  rather  too  many  peculiar  conditions  in 
the  demonstration  of  these  formulas  to  allow  of  their  being  safely 
applied  to  the  conditions  of  practice. 
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One  remark,  made  near  tlie  end  of  tLe  paper,  is  worth  uotiiig,. 
especially  as  several  writers  on  this  subject  have  mode  statements 
to  the  same  effect,  viz.,  that  it  is  as  useless  to  discuss  the  problem 
of  chimney  draught,  whenever  the  draught  is  "  throttled,  so  to 
speak,"  at  the  grate.  To  throttle  the  diaught  means  to  check  its 
velocity  by  contracting  the  passage  tlirough  which  it  flows.  The 
evidences  of  throttling  at  nny  section  of  the  passage  are,  first,  a 
velocity  in  otiier  parts  less  than  would  be  attaiued  with  a  uniform 
passage  ;  second,  a  considerable  difference  between  the  pressures 
existing  on  the  two  sides  of  tlie  throttled  section.  These  effects 
are  always  found  iu  ordiuary  boiler  furnaces,  and  their  amount 
can  readily  be  asceiiained  bj  measurements  with  the  ordinary 
siphon  ilraught  gauge.  In  ihin  connection  I  may  say  that  I  have 
found  it  more  convenient  in  making  measurements  upon  chimney 
dmught  to  use  alcohol  of  known  specific  gravity  in  the  draught 
gauge  instead  of  water,  as  the  indications  with  it  are  more  sensitive. 
It  will  appear  upon  investigation  that  a  theory  wliich  applies 
only  to  cases  where  there  is  no  throttling  at  the  gi'atc  does  not 
apply  at  «1]  in  ordiuary  practice.  According  to  Bankine  the 
throttliug  at  the  grate  is  sufficient,  under  average  condilious,  to 
cause  a  loss  of  head  equal  to  three-fourths  of  the  whole  draught 
of  the  chimney.  Of  the  remaining  one-fourth,  15%  goes  to  balance 
the  frictionul  resistances  of  the  flues  and  chimney,  leaving  only 
about  one-six teenlli  of  the  total  head  for  "  the  production  of  tlie 
velocity,"  according  to  the  laws  deduced  in  this  paper.  In  most 
cases  iu  which  I  have  made  measurements  of  the  velocities  and 
pressures  in  existing  plants,  more  than  fifteen-sixteenths  of  the  total 
draught  has  been  expended  iu  overcoming  frictional  resistances, 
and  less  than  oiic-sisteenth  iu  imparting  energy  of  motion  to  the 
gases.  For  example,  iu  the  case  of  which  the  details  are  givea 
in  paper  CCCLXXVI.,  on  T/i/^nry  and  Dtsiyyi  <•/  ChhnneijH,  in  the 
present  volume  of  the  Transnctiwis;,o\i\y  about  3t\,!*  of  (he  draught 
was  needed  to  produce  the  velocity  of  discharge  of  the  gas.  lo  a 
boiler  test  made  a  few  weeks  age,  in  which  the  mean  velocity  of 
the  gases  and  the  (pressures  were  both  carefully  determined, 
aboot  OOri  of  the  whole  head  was  lost  by  throttling  at  the  giate, 
and  the  larger  part  of  the  remainder  was  absorbed  by  fidction  of 
tliegases  iu  the  boiler  tubesand  chimney.  Inthiscaee  thehetghli 
of  the  chimney  was  92  feet  and  the  temperature  of  the  gases  fiU9°. 
It  the  whole  head  !iad  been  employed  in  producing  velocity  of  tha 
ses,  their  velocity,  by  the  formula  deduced  iu  this  paper,  would 
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have  been  about  78  feet  per  second.  The  mean  velocity  by  measore- 
ment  was  only  16  feet  per  second,  showing  that  only  about  ii  of 
the  total  head  was  expended  in  accelerating  the  gases. 

The  forces  which  balance  or  neutralize  the  greater  part  of  the 
total  head  due  to  the  draught  of  a  chimney  maybe  enumcratedas 
follows,  in  the  order  of  their  relative  importance  :  first,  the  resist- 
ance offered  by  the  grate  and  fuel-bed ;  second,  the  resistance  due 
to  the  boiler  tubes  (for  small  tubes  this  resistance  is  sometimes 
larger  than  that  of  the  grate,  but  is  usually  less)  ;  third,  the  resist- 
ance due  to  friction   in   the  flue  and  chimney.     The  small  te- 
maining  head,  unbalanced  by  resistances  of  this  kind,  is  employed 
in  various  ways  in  impaiiiing  energy  of  motion  to  the  gases.    Part 
of  this  enei'gy  is  represented  in  the  velocity  of  the  gases  discharged 
from  the  top  of  the  chimney  ;  part  of  it  is  emploj-ed  in  accelerat- 
ing the  air  entering  the  grate,  this  energy  being  mostly  dissipated 
in  heat  when  the  small  streams  of  air  passing  through  the  Inel 
emerge  into  the  enlarged  combustion  chamber ;   energy  is  sgain 
absorbed  in  accelerating  the  gases  entering  the  boiler  tubes,  to  be 
again  lo.<t  in  heat  when  they  emerge  from  the  tubes  into  the  up- 
take.    Either  of  the  two  latter  quantities  of  energy  may  be  larger 
than  that  represented  in  the  velocity  of  the  gases  discharging  from 
the  chimney  ;  but  all  of  them  taken  together  are  usually  so  smnll 
as  to  be  insignificant  in  comparison  to  the  energy  absorbed  i^^ 
friction  in  the  grate  and  boiler  tubes. 

All  recorded  experiments  upon  boiler  chimneys  agree  in  snstaLi^* 
ing  this  view  of  the  controlling  importance  of  the  frictioual  resis'*" 
ances.    Now,  what  appears  to  me  as  chiefly  open  to  criticism  in  tb^^* 
paper  of  Prof. Webb  is  that  all  this  mathematics  has  been  devoted  *^ 
the  calculation  of  the  insignificant  fraction  of  the  total  head  whi(^  ^ 
appears  in  the  energy  of  the  gases  discharged  from  the  top  of  tl^-- 
chimney,  while  the  frictional  resistances,  which  absorb  the  greatc^^ 
part  of  the  head,  have  received  no  consideration. 

Roughly  speaking,  what  happens  when  a  fire  is  kindled  in  a  Imt"^ 
nace  is  this  :  the  heat  causes  a  rarefaction  of  the  erases  in  th^ 
chimney  and  a  reduction  of  the  internal  pressure.     The  excess  o0 
pressure  outside  then  accelerates  the  flow  of  air  through  the  grated 
until  the  friction,  increasing    with  the   square  of  the   velocity, 
balances,  or  nearly  balances,  the  difference  in  weight  of  the  outer 
and  inner  air  columns.     When  this  equilibrium  is  reached   the 
velocity  cannot  increase  further.     The  important  practical  problem 
to  be  solved,  therefore,  in  the  theory  of  chimney  draught,  is  to  find 
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(xpres^on  tor  the /riciionalresisiavce  of  the  air  passing  throutjh 
jraie  in  terms  of  its  velocity.  Then  if  we  put  this  expression 
ul  to  tlie  difFerence  of  weight  of  a  unit  column  of  gas  inside  the 
mney  and  a  similar  column  of  the  air  outside,  we  have  an  equa- 
a  which  will  give  us  roughlj  the  velocity  of  flow  through  the 
te.  The  velocity  in  the  chimney  will  be  greater  or  leas  than 
1,  acconling  as  the  ratio  of  grate  opening  to  chimney  area  is 
ater  or  less.  The  area  of  grale  opming  is,  therefore,  an  impor- 
it  factor,  and  should  appear  in  a  rational  foi'mula  for  chimney 

Ltlgllt. 

!n  the  calculation  as  Just  described  there  would  be  an  error  of 
n  2il^  to  iO^,  due  to  the  neglect  of  the  resistonces  of  boiler 
188  and  chimney.  It  is,  however,  not  necessary  to  neglect  these 
)  important  resistances,  or  even  the  small  item  of  head  due  to 


paper  before  ua) ;  but  it  would  certainly  be  much  more  reason- 
*  to  ignore  the  latter  quantity  and  take  account  of  the  friction 
1  to  devote  our  energies  exclusively  to  the  relatively  iusigaiii- 
'  item  of  the  head  due  to  velocity  in  the  chimney. 
I  tegard  to  the  calculation  of  these  [rictional   resistances,  I 

proposed  a  method  to  which  I  think  no  valid  ohjectiou  has 
>een  raised,  and  which,  though  not  professing  to  be  more  than 
Jgh  one,  gives  results  which,    in  those  cases   where  I  have 

able  to  test  them,  are  not  far  from  the  truth  ;  but  it  will  be 

after  we  get  the  real  nature  of  the  problem  clearly  before  us 
"we  can  hope  to  establish,  by  experiments  upon  chimneys, 
i  reliable  constants. 

'of.  Tliomaa  Gray. — In  the  first  paper,  as  I  understand  it, 
essor  Webb  refers  to  the  discussion  of  theoretical  formulas 
he  velocity  of  air,  one  column  of  which  is  kept  hot  and  the 
r  cold.  That  discussion  does  not  bear  very  directly  on  the 
tical  problem  of  chimney  draught,  and  beyond  a  single  word 
'o  I  have  nothing  to  say  with  reference  to  it.  With  regard  to 
ictual  chimney  draught,  besides  the  friction  of  the  grate  we 

to  bear  in  mind  the  fact  that  the  gases  passing  through  the 
ney  do  not  agree,  either  in  composition  or  density,  witli  the 
utside.  Consequently  we  have  in  the  actual  chimney  a  more 
ilicated  problem  than  that  proposed  for  discussion  by  Pro- 
■X  Webb, 
lave  felt  a  little  puzzled,  in  looking  over  Professor  Webb's 
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Becond  paper,  by  a  statement  near  the  beginniDg  of  it  to  the  effect 
that  this  problem  was  purely  a  gravitational  and  not  a  thermo- 
dynamic problem.     That  does  not  seem  to  me  to  be  quite  the     ^it^m 
case.     If  Professor  Webb  simply  means  that  we  can  calculate  Uie 


velocity  of  efflux  from  the  difference  of  "  head,"  then  I  agiee^and  ft;Lin 
I  believe  we  can  do  so  to  a  close  degree  of  approximatioD.  ^ol  ft  ri  ^ 
we  consider,  however,  that  we  have  practically  here  two  cqIqiiids  ft-^  o 
of  air,  one  of  very  large  area,  the  other  of  limited  area,  and  the  Kope 
small- area  column  raised  to  a  higher  temperature  than  the  other,  miri< 
we  find  that  we  have  simply  a  circulation.  We  have  no  change  ^y. 
of  potential  energy  produced,  because  the  loss  in  the  coldcdmin 
is  compensated  for  by  the  gain  in  the  hot  column.  The  he^t 
of  the  centre  of  gravity  of  the  whole  mass  remains  practically  the 
same.  We  must  look  to  something  else,  then,  for  the  source  of 
energy  in  the  flow,  and  that  source  of  energy  is  evidently  in  the 
heat  supplied  at  the  point  where  the  temperature  changes.  3. 
should  say,  therefore,  that  the  problem  is  fundamentally  a  therm 
dynamic  and  in  only  a  secondary  sense  a  gravitational  problem.. 

Prof.  WM. — I   wish   Professor  Gray  would  state  more 
cinctly  why  he  considers  it  a  thermo-dynamic  problem. 

J^rof.  Qray, — Simply  because  of  the  fact  that  we  have  to 
to  the  expenditure  of  heat  as  the  motive  power  in  the  operatu^ 

3lr.  Nagle. — I  would  like  to  ask  Professor  Gale  why  he  pre 
alcohol  to  water  in  measuring  the  height  of  the  colunm  in 
chimney. 

Prof,  Gale, — The  alcohol  flows  more  freely,  is  more  sensitr 
and  has  a  smaller  specific  gravity,  wliich  gives  a  greater  indii 
tiou  for  the  same  pressure. 

It  evaporates,  of  course,  but  that  does  not  affect  it  particuljar! 

Prof,  IIVM. — Will  Professor  Gale  be  so  good  as  to  illusi 
his  method  of  measuring  the  pressure  in  the  chimney? 

Prof,  Gale, — The  apparatus  that  I  used  is  simply  the  ordin 
siphon  gauge.     It  usually  is  filled  with  water,  though  I  have 
erally  preferred  to  substitute  alcohol.     To  obtain  the  difference 
pressure  between  the  air  under  the  grate  and  in  the  bottom  of  t 
chimney,  or  the  fall  of  pressure  during  the  passage  of  the  gas  throa 
the  furnace  as  a  whole,  you  would  simply  connect  the  siphon 
the  bottom  of  the  chimney,  leaving  the  other  end  open  to  the  i 
Then  tlio  difference  of  level  in  the  liquid  in  the  two  branches 
the  U-tul;e  would  give  us  the  difference  between  the  air  under 
grate  and  tlie  gas  at  the  bottom  of  the  chimney.     To  get  the 


.e 


0 

6 

h 


f 


THE  MECHANICAL  THEOBT   OF  CHIMNEY   DRAUGHT. 


the  grate,  connect  the  siphon  with  tbe  fire  box  jual 
Sbove  the  grate  ;  then  you  get  the  difference  of  pressure  between 
tbe  air  under  the  grate  and  the  air  above  the  grate,  or  the  fall,  as 
fte  air  passes  through  the  grate.  A  perfectly  plain  glass  tube  is 
OBed,  having  the  two  branches  close  together,  with  only  a  finely 
divided  scale  between  them,  bo  that  accurate  differences  of  -leve! 
nwjbe  obtained.  I  usually  found  it  be^t  to  leave  only  a  very 
amall  opening  in  one  end  of  the  tube,  so  that  the  vibration  u  " 
be  checked  a  little. 

Prof.  H-'fM.— What  about  the  inner  end  of  the  tube?  Has  ii 
>  straight  end  ? 

i*rof.  Gale. — I  have  generally  used  an  iron  pipe  with  a  beni 
od  running  into  the  chimney  and  connected  the  siphon  to  it  with 
rubber  tube  ;  then  by  turning  the  pipe  around,  the  end  can  be 
"Oted  in  different  directions,  and  if  there  is  any  difference 
-'  <Ine  to  the  different  directions  of  the  opening,  that  can  be 
^aged  up. 

^^nf.  Wdib. — Probably  in  different  places  in  the  chimney  you 
'lid  find  different  pressures. 

-■*-of.  Gale. — Tea,  sir;  slightly  different.  There  is  usually  no 
'*ieptible  difference  in  the  section  across,  but  turning  the  open 
'  nf  tiic  pipe  in  different  directions  changes  the  reading  slightly. 
^  effect  of  tiiat  is  usually  very  small,  however.  All  that  I  have 
•■aUy  done  is  to  use  a  bent  tube  and  place  it  in  different  parts 
the  cross-section,  turning  it  in  different  ways,  and  average  the 
-^ings  if  tliere  was  a  difference. 

t'rof.  W.  T.  Afagnider.- — I  would  like  to  ask  if  any  member  pres- 
fc  has  any  data  which  he  has  taken  as  to  the  pressure  at  the 
ttom  of  the  chimney,  and  also  at  the  top  of  the  chimney  at  the 
me  time,  and  also  in  the  centre  of  the  chimney  versus  the  edges. 
Prof,  fi'ali: — If  I  might  be  allowed  a  word  about  that,  I  have 
A  no  es]ierience,  but  I  have  a  plan,  which  it  might  be  inleresting 

the  members  to  see,  for  doing  that — whenever  I  am  able  to 
rry  it  out.     I  can  illustrate  it  in  just  a  moment     The  plan  would 

to  carry  a  small  iron  pipe  from  the  top  of  the  chimney  down 
rough  tlie  inside  and  connect  the  bottom  of  this  pipe  to  one 
.d  of  your  siphon  gauge,  while  the  other  end  is  in  communication! 
.th  the  space  at  the  bottom  of  tlie  chimney.  By  means  of  having 
e  tube  ninning  down  throiigh  the  chimney,  the  temperature  of 
e  gas  in  the  tube  would  be  tlie  same  as  that  of  the  gas  in  the 
limney  around  it,  and  the  weight  of   the  column  in  the   tube 
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woiiUI  be  the  Bame  as  the  weight  of  an  eqaal  oolnmn  of  gu  oat- 
side.  In  that  way  yon  get  the  difference  in  pressare  to  balancethe 
friotional  resistance  in  the  chimney  itself,  or  the  preflsnre  which  ii 
unbalanced  by  the  weight  of  the  gas,  I  have  never  been  able  to 
caiTy  out  that  plan  as  yet. 

3fi:  Borden. — Mr.  Barrus,  will  you  not  describe  the  gange  tiut 
you  use  for  a  draught  gauge? 

J/i'.  IkimiH. — The  apparatus  to  which  Mr.  Borden  refen  eoi- 
sists  of  a  plain  glass  U-tube,  represented  it  i 
(Fig.  ITT),  with  two  large  chambers  at  thetop. 
The  level  of  the  liquid  is  carried  in  these  dum- 
bera,  and  a  shght  movement  in  either  chamber 
produces  a  very  large  movement  of  the  liquid  in 
the   tiibe.     I   use   in   the   left-hand  chamber  ■ 
kind   of  oil   which   is    called   Downer's  heavy 
spindle  oil,  and  in  the  right-liand  chamber  alco- 
hol, which  is  colored  by  any  simple  means.   Suh 
extt^nds,  on  its  respective  side,  down  to  the  point 
C,  where  there  is  a  distinct  line  of  demaroaitioa 
between   the  alcohol  and  the   oil.     Now,  vheD 
the  right-hand  chamber  is  connected  with  ttk^ 
chimney  the  suction  of  the  drai^^ht  .prodnces   * 
difference  of  level   in  the  chambers  of,  say, 
MO.  in.  ixich.     In  proportion  as  the  area  of  the  ohatab^ 

is  to  that  of  the  tube  the  liquid  in  the  tube  is  drawn  down  a  greats 
distance.     It  the  chamber  is  2  inches  in  diameter  and  the  tnbe 
iach,  which  are  about  the  sizes  used,  the  distance  would  be  som.  - 
thing  like  eight  times. 

Prof.  Gale. — Would  a  correction  come  in  th^re  for  the  diffetentf 
of  specific  gravity? 

Mr,  Ban-tis. — ^There  is  a  correction  for  that,  and  I  have  gen€ 
ally  made  it  in  this  way  :  I  have  connected  the  apparatus  with  M 
ordiniiry  U-tube  contaiuiug  water,  calibrating  it  by  this  meorr: 
I  find  with  this  instrument  that  there  is  no  difficulty  in  getting 
correct  indication  of  very  slight  amounts  of  draught 

Prof.  J.  B.  WeU}. — I  asked  to  have  this  paper  and  the  prec^ 
ing  one  discussed  separately,  aa  they  are  quite  dissimilar,  ^-^ 
as  it  was  so  ordered  and  a  discussion  upon  that  one  was  duly  ^ 
nounced  by  the  president,  there  would  be  no  occasion  to  refer 
it  here  had  it  not  been  commented  upon  by  Prof.  Gray.  Wi 
this  exceptiou  I  do  not  think  that  any  of  the  discussion  touches 
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seeAis  necessary  to  state  again  wbat  the  object  of  that  paper 
aving  eTiilently  failed  to  make  it  sufficieotly  clear  in  what  was 

when  introdacing  ii^.  It  simply  takes  a  treatment  contained  id 
lost  edition  of  PeiJet  and  shows  it  to  be  unneceesarily  long,  and 
;  although  thermo-dynamic  formulas  are  introduced,  they  are 
linated  before  the  close  of  the  demonstration.  It  showa  also 
iby  making  simple  changes  the  argument  runs  into  the  ordi- 
f  one  given  by  those  who  do  not  pretend  to  use  thermo-dynam- 
The  paper  does  not  depart  from  its  object  to  discuss  the 
licftbility  or  non- applicability  of  the  hypotheses  and  resulting 
inlas  to  this  or  that  chimney,  and  it  ought  not  to.  It  is  enough 
dd  that  if  any  one  will  examine  Peclet's  treatment  and  read  the 
ercarefidly,  it  will  be  seen  that  what  has  been  said  has  no 
lunate  bearing  upon  it.  If  any  one  wisliea  to  place  himself  on 
ad  as  saying  that  P&let's  "  does  not  bear  very  directly  on  the 
Jft'cal  problem  of  chimney  draught,"  I  have  no  objection,  but 
natural  inference  must  be  that  such  critic  is  not  familiar  with 
treatment  of  the  subject  by  Peclet  and  others.  This  view  is 
ler  justified  by  the  statement  that  in  "  actual  chimney  draught " 
J  is  "  friction  of  the  grate  "  and  "  the  gases  do  not  agree  either 
'mposition  or  density  with  the  air,"  just  as  if  Peclet,  after  com- 
Qg  the  discussion  of  a  ventiUtiag  flue,  did  not  immediately 
3ed  to  modify  the  formulas  so  as  to  include  all  these  compli- 
ns in  an  ordinary  chimney. 

>  come  now  to  the  criticisms  of  my  second  paper,  which  is 
imately  under  discussion,  Prof.  Gray  says  that  he  was  puz- 
by  my  statement  that  "the  problem  is  not  a  thermo-dynamic 
'  but  thinks  that  after  all  it  is,  and  gives  as  his  reason  for 
dug  so  "the  fact  that  the  expenditure  of  beat  is  the  motive 
iv  in  the  operation," 

reply  I  have  three  things  to  say : 

At  the  most  it  is  simply  a  question  as  to  the  correctness 
term  employed,  and  beyond  this  has  no  effect  on  the  paper. 

I  believe  my  use  of  the  term  thermo-dynamic  to  be 
fiabie,  because  I  made  the  statement  first  in  reference  to 
3t's  treatment,  contained  in  the  discussion  of  a  paper  read  at 
ast  meeting,  and  hi  this  treatment  the  term  is  employed  to  dis- 
lish  a  part  of  the  discussion  involving  the  use  of  the  formulas 
diabatic  expansion  from  a  previous  part  depending  upon  the 
)f  Charles,  which  was  known  before  the  science  of  thermo-dy- 
;cs  existed. 
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3.  I  think  my  use  of  this  term  is  oorreot,  as  it  certainly  agre* 
with  its  aae  by  Rankine  aud  other  leading  writers.  As  the  a 
goes  up  the  chimney  it  expands  adiabatically,  to  be  sure,  on  a 
count  of  the  decrease  of  pressure ;  but  as  this  expansion  furniiihej 
less  than  two-tenths  of  a  per  cent,  of  the  whole  energy,  it  Las  v 
little  to  do  with  the  action  of  the  chimney,  and  is  always,  I  believe, 
neglected.  The  main  action  ia  gru.Titatioual,  and  the  argument 
to  the  contrary  thot  the  "height  of  tlio  centre  of  gravity  of  the 
whole  mass  remains  practically  the  same"  is  misleading.  What 
bearing  the  "  very  large  area"  of  one  air  column  and  the  "  limited 
area"  of  the  other  have  upon  the  question  the  professor  does  not^ 
state. 

Pr(^.  Oral/. — Where  does  the  kinetic  energy  come  from  ? 

Prof.  Webh. — It  becomes  kinetic  by  the  action  of  gravity  ;  with^ 
out  gravity  there  wotild  be  no  such  thing  as  chimney  draught. 

Prof.  Gray. — It  cannot  do  that  because  the  gas  rises  up  and  I 
keeps  the  centre  of  gravity  the  same.  We  have,  however,  the  ex-  | 
penditure  of  heat.  We  take  energy  from  the  heat,  and  so  long  OS  1 
we  use  enei^  derived  from  heat  we  have  thermo-dyn  amies. 

Prof.  Webb. — I  knew  that  the  question  might,  as  intimated  by 
the  prafessar  in  the  first  part  of  his  criticism,  be  a  pnzzhng  one, 
and  hoped  that  the  paper,  if  carefully  read,  might  make  the  mat- 
ter clear;  in  this  instance  it  seems  either  not  to  have  been  so 
read  or  to  have  failed  to  convince.  It  may  therefore  not  be  amiss 
to  add  another  illustration. 

Suppose  a  company  eng^ed  in  the  sale  of  water-wheels  to 
have  a  mill-pond  where  they  exhibit  their  turbines,  etc.,  in 
operation.  They  experiment  upon  and  discuss  the  performance 
of  these  wheels  in  accordance  with  the  usual  laws  of  hydro-dy- 
namics, which  regard  the  action  as  a  gravitational  one.  Suppose 
now  that  some  one  should  become  impressed  with  the  fact  that 
the  water  in  the  pond  remains  at  a  constant  level,  all  the  water 
that  ia  used  being  afterward  evaporated  by  the  sun  and  returned 
to  the  pond  as  rain,  and  that  consequently  the  energy  given  out 
by  the  wheel  is  derived  ultimately  from  the  heat  of  the  sun  :  would 
such  a  view  of  the  case  be  any  justification  for  a  claim  that  the 
problem  was  not  a  hydro-dj-namic  but  a  therm o-dj-u am ic  one  ? 

Or  suppose,  even,  that  in  a  time  of  drought  a  steam-pump  were 
set  np  to  keep  the  pond  full  of  water,  so  that  without  leaving 
the  premises  the  whole  ch-culatiou  of  the  water  conld  be  traced, 
and  it  was  at  once  evident  that  the  centre  of  gi-avity  of  the  whole 
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lasB  of  water  remained  at  a  fixed  heifjlit :  would  the  problem  of 
16  performance  of  the  water-wheels  be  any  less  a  gravitational 
me  iind  more  of  a  thermo-djnamic  question  than  before  ? 

I  doubt  if  any  one  could  seriously  entertain  suoh  a  view.  AI- 
»08t  all  the  enei^  we  bave  conies  or  has  come  from  the  sun,  but 
iH  problems  of  energy-  are  not  therm o-dyuamic  ones. 

The  ordinary  inclined-track  horse-power  is  also  a  case  in  point. 
How  tbe  horse  develops  the  en ei^  he  furnishes  has  nothing  to 
io  with  the  action  of  the  machine,  which  is  the  same  whether 
ie  horse  works  in  the  usual  way  or  stands  still,  and  goes  down 
■ill  aa  a  simple  weight  would.  Tlie  enei^  furnished  bv  the 
orse-power  is  due  to  tbe  weight  of  the  horse  falling  as  fast  as  it 
onld  fall  if  he  stood  slill  on  the  inclined  track.  The  problem 
»  gravitational  one, 

*Vitli  regard  to  the  discussion  of  the  other  participant  in  the 
"flte,  a  careful  examination  fails  to  show  that  it  has  more  than  a 
*iiual  bearing  upon  the  matter  of  tbe  paper. 
*-fter  a  complimentary  remark  the  first  paragraph  concluded 
*l  a  statement  unintelligible  as  applied  to  my  paper:  Said 
*^T  contains  but  one  formula,  which  formula  I  have  not  at- 
I'Jjted.  to  demonstrate,  as  it  is  too  simple  and  well  known,  and 
tTom  its  involving  "  many  jiecnliar  conditioiis,"  none  but  the 
^)lcst  have  been  assumed.  The  formula  is,  furthermore,  per- 
tly applicable  to  all  tbe  conditions  of  practice,  and  is  the  one 
tl  by  the  critic  himself. 

The  next  two  panigi^aohs  are  based  upon  a  misstatement  of 
)  concluding  remarks  of  the  paper,  and  claim,  therefore,  no 
ious  notice.  I  bave  not  said  therein  that  it  is  useless  to  dis- 
ss the  problem  of  chimney  draught  wheu  throttled  by  an 
iiiiary  grate  and  bed  of  coals,  but  that  unusual  conditions 
;essitate  changes  in  tbe  calculations,  and  that  it  would 
useless  to  attempt  "  to  consider  such  cases  here" — i.  e.,  in 
hort  paper  devoted  to  a  differentobject.  Certainly  when  there 
hrottling  "  by  an  extremely  small  grate  or  an  impervious  bed  of 
lIs,  or  by  closing  tbe  ash-pit  doors,  we  shall,"  as  I  claim,  "  not 
ve  the  usual  conditions." 

Two-thirds  of  the  way  along  it  is  stated, "  as  chiefly  open  to 
ticism,"  that  "all  this  mathematics  has  been  devoted  to  the 
culation  of  the  insignificant  fraction  of  tlie  total  head  which 
pears  in  the  energy  of  the  gases  discharged,"  "  while  the  fric- 
nal  resistances,  which  absorb  the  greater  part,"  "have  received 
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no  c on B) deration."  Tbia  is  equivaleut  lo  a  statement  tliattherel 
is  no  crilicisin  at  al],  for  U  is  precisely  tbe  purpose  of  the  paper  J 
to  disuuss  the  true  nature  of  ibe  head  uhicb  proiliices  tbe  velocity  I 
iu  u  flue  witli  Du  otlier  resistauces,  aud,  by  inference,  the  true  I 
mtlure  of  the  head  iu  luij  chimnej  where  a  piirt  thereof,  no  mat- 
ter how  large,  may  be  balanced  by  resiKtauees. 

The  fi'ietioual  resistance  in  a  chimney  is,  no  doubt,  a  legiti-  1 
mate  Bubject  for  a  )>a)jer,  but  the  preiieut  paper  is  not  upon  that 
subject.  It  is  somewhat  discouraging  to  a  muthematii-ian,  when 
be  has  exerted  himfislf  to  keep  mathematics  substantially  out  of  a 
paper  and  bus  flattered  himself  on  his  success  iu  producing  one 
with  but  a  eingle  formula  in  it,  to  have  it  referred  to  as  "  all  this 
mathematics;"  and,  further,  it  is  not  correct  to  state  that  the 
]>aper  attempts  to  ealtiuliita  the  "  insignificant  fraction  "  of  head 
producing  the  velocity  of  discharge  in  an  ordinary  chimney.  There 
is  no  such  attempt  and  any  figures  given  ni  e  purely  illustrative. 

I  asked  for  a  more  particular  description  of  the  speaker's 
method  of  measuring  the  pressnies  in  the  chimney,  not  at  all  for 
the  purpose  of  getting  a  description  of  an  ordi  ary  gauge  and  its 
nse  in  showing  the  considerable  fall  of  pressure  due  to  a  bed  of 
coals,  which  must  be  well  known,  but  to  see  if  there  had  been  any 
attempt  to  make  nice  measurements.  There  seems  lo  have  been 
none ;  no  distinction  i^cems  to  be  made  between  atmospheric 
pressure  and  ihe  pressure  in  the  ash  pit,  and  tbe  eipiiou  gauge  has 
been  but  slightly  improved  by  using  alcohol  instead  of  water.  I 
do  not  suppose  the  speaker  means  that  the  former  fluid  is  more 
"  convenient  "  than  the  latter,  but  that  it  gives  a  somewhat  larger 
indication  for  the  same  pressure.  What  is  meant,  too,  by  flowing 
"  more  freely  "  and  being  "  more  sensitive  "  is  not  quite  clear,  for 
when  a  small  hole  has  to  be  interposed  to  prevent  sudden  fluctu- 
ations, one  woidd  suppose  water  to  be  sufficiently  sensitive.  Now, 
it  the  total  hf  ad  is,  say,  ono  inch  of  water  and  fifteen-sisteenths  i  i 
used  at  the  grate,  sometliing  more  delicate  than  an  ordinary 
siphon  gange  will  be  needed  to  investigate  the  distribution  of  the 
remaining  sixteenth.  There  seems  to  be  no  acquaintance  with 
various  draught  gauges  for  the  indication  of  small  difl'erences  of 
pressure.  I  have  no  doubt  that  Mr,  Barrus'  will  give  goo^l  re- 
sults when  properly  standardized,  and  I  suppose  tbe  sinndardizbg 
allows  for  any  capillary  action  in  the  small  tube.  Mr.  Kent  de- 
scribed to  me  a  similar  device  of  his  some  years  since.  The  prin- 
ciple is  tbe  same  as  Mr,   Bart'u^',   oscept  that  but  one  liqui^J 
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(vater)  is  used  and  a  small  bubble  of  air  takes  the  place  of  the 
TJsible  junctiou  of  the  oil  and  alcohol.  This  bubble  has  a  play 
of  several  inches  in  a  small  horizontal  tube  connecting  two  upright 
tubes  of  much  larger  diameter,  and  the  only  standardizing  needed 
w  to  aacertain  the  ratio  of  the  cross- sections  of  the  lai^e  and  small 
tubes.  The  displacement  of  the  bubble  will,  of  course,  be  gi-eater, 
^  jnst  this  ratio,  than  the  change  of  level  in  the  large  tubes.  At 
'oe  Electrical  Exhibition  in  Philadelphia  I  devised  a  simple  gaage 
•iich  was  used  in  nearly  all  the  tests  and  in  other  testa  since, 
"od  which  is  described  in  the  report. 

-Pig.  230  illustrates  this  gauge,  -S'  is  a  pair  of  ordinary  scales 
'Pable  of  weighing  to  any  desirable  fraction  of  an  ounce.  The 
®t  of  the  apparatus  is  shown  in  section  as  follows :  5  is  a  flat 
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^oard  in  which  a  circular  groove  is  turned  and  nearly  filled  with 
nercurj-.  This  board  rests  upon  the  scale&  C  is  a  sheet-metal 
!over  whose  lower  edge  dips  into  the  mercury.  This  edge  should 
)e  quite  thin  and,  if  necessary,  protected  from  tlie  mercury  by 
famish  ;  but  it  is  better  to  make  it  of  thin  sheet-iron  with  a 
■iveted  joint  made  tight  with  varnish.  The  inside  of  this  cover 
s  connected  with  the  place  in  which  the  pressure  is  to  be  meas- 
ired  by  means  of  the  tube  T,  suitably  supported  by  an  upright 
rom  the  base  of  the  apparatus.  The  end  of  Tis  almost  stopped 
jy  a  diaphragm  rf  with  but  a  small  hole  in  it,  so  that  while  no 
■apid  fluctuations  of  pressure  can  reach  the  inside  of  B,  the  same 
iverage  pressure  will  be  maintained  there  as  is  to  be  measured. 
P  is  a  large  plug  or  cork ;  when  it  is  withdrawn  it  places  the 
nside  of  B  substantially  in  communication  with  the  atmosphere, 
jot  with  standing  the  small  hole  at  (/,  which  may  remain  open. 
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The  scales  can  then  be  balanced,  and  upon  the  plug  being  re- 
placed they  will  show  a  difference  of  weight  equal  to  the  change 
of  ]:)ressure  inside  of  B^  multiplied  by  the  surface  over  which  it 
acts.     Thus,  if  the  pressure  to  be  measured  is,  say,  0.04  ounce 
below  atmospheric  pressure  (about  one-sixteenth  of  an  inch  of 
water),  and  if  the  cover  is  scant  8  inches  in  diameter  so  as  to 
cover  50  square  inches  of  the  board,  the  reduction  of  presBore 
on  the  board,  due  to  the  insertion  of  the  plug  and  the  lowering  of 
the  pressure  within  the  cover  by  0.04  ounce  per  square  inch,  irill 
be  50  X  0.04  =  2  oz.  With  sensitive  scales  protect'Od  from  enrrents 
of  air  such  an  apparatus  will  give  reliable  indications  of  extremely 
small  differences  of  pressure. 

Professor  Lanza's  adaptation  of  a  well-known  principle  to  th 
construction  of  such  a  gauge  was  also  used  in  some  of  the 
made  at  the  same  exhibition. 

Why  so  much  space  should  be  devoted  to  emphasizing  the 
that  a  large  part  of  the  total  head  is  needed  to  get  the  air  through 
the  bed  of  coals,  a  fact  which  can  scarcely  be  new  to  any  oni 
who  knows  anything  of  the  subject,  is  nnexplainable  to  me.    Thi 
elaborate  description,  moreover,  of  what  goes  on  inside  of 
furnace,  while  it  would  require  but  a  slight  knowledge  of  m( 
chanics  and  some  imagination  for  its  production,  would  need 
much  deeper  knowledge  and  very  careful  experiments  for  its  veri- — 
fication.    Indeed,  there  seems  to  be  some  confusion  in  the  state-^^ 
ment  itself  between  the  purely  frictional  and  the  other  resistances,  ^ 
and  while  the  fact  that  the  area  of  the  grate  opening  has  to  do  ^ 
with  the  problem  has  not,  to  -  my  knowledge,  been  denied,  its  ' 
importance  is  not  made  any  clearer  by  the  loose  and  incorrect  « 
statement :  '^  The  velocity  in  the  chimney  will  be  greater  or  less 
than  the  velocity  through  the  grate,  according  as  the  ratio  of 
grate  opening  to  chimney  area  is  greater  or  less."     Greater  or  less 
than  what  ? 

I  believe  it  to  be  a  very  important  duty  of  the  mathematician 
to  explain  and  illustrate  thoroughly  the  meaning  and  application^ 
of  some  of  the  simpler  formulas  and  phenomena  of  mechanics  andC 
physics ;  and  in  my  paper  I  have  tried  to  perform  that  duty  witim 
regard  to  the  phenomenon  of  the  production  of  the  velocity  of  the 
gases  in  a  ventilating  flue  or  a  chimney,  and  I  know  that  sucb 
explanations  as  I  have  given  have  put  the  matter  in  a  clearer 
light  to  others.     I  differ  entirely  from  Professor  Gale  in  his  esti* 
mate  of  the  relative  importance  of,  say,  the  fifteen-sixteenths  of 
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ad  required  at  the  grate  ami  tlie  one-aixteenth  needed  for 
locitj  of  exit.  Tlie  who!©  objiict  of  the  chimTiey  being  to 
38  that  Telocity,  I  cannot  agree  with  him  that  it  would  be 
treasonable  to  ignore"  it,  "take  uccoHut  of  the  friction 
etc.  Id  fact,  the  frictidnal  loss  is  simply  au  expense 
.ant  on  the  production  of  the  absoltitely  necessary  velocity. 


A  nNIVEB3AL  BT£AH   CALORIHETEB. 


CCCLX5XV1I, 
A    UXIVERdAL  STEAM  CALORIMETEH. 


I 


The  subject  of  steatu  calorimetera  lias,  in  various  ways,  been  \ 
brought  to  the  attention  of  the  Society  so  many  times  that  the  ' 
members  may  be  tired  of  hearing  anytliing  more  about  it.     What 
has  heretofore  been  said  lias  not,  however,  exhausted  the  subject, 
and  tbe  author  may  be  pardoned  for  bringing  tbe  matter  to  notice 
again  in  the  present  paper. 

In  one  of  the  discussions*  at  the  last  meeting  tbe  author  intro- 
duced a  brief  notice  of  what  he  has  named  "  A  Universal  Calo- 
rimeter," and  he  made  tbe  statement  that  at  a  future  meeting  he 
would  describe  the  instrument  more  in  detail,  and  give  the  results 
of  some  experimental  work  upon  it,  in  connection  with  evaporative 
trials  of  boilers,  and  this  he  now  proposes  to  do. 

Besides  this,  a  special  investigation  has  been  carried  out,  the 
object  of  which  was  to  determine  the  accuracy  of  the  instrument, 
and  an  account  of  this  will  be  added. 

In  experimenting  with  the  author's  superheating  calorimeter.f 
where  the  quality  of  steam  was  being  tried,  which  was  very  wet  and 
almost  beyond  the  range  of  the  apparatus,  a  device  was  planned, 
though  never  perfected,  for  passing  the  steam  first  through  a 
chamber  in  which  some  of  the  moisture  would  be  deposited,  and 
thus  relieve  the  insti-ument  from  handling  so  much  water,  thereby 
increasing  its  range.  It  may  be  mentioned  that  the  use  of  such  a 
device  in  connection  with  the  superheating  form  of  instrument 
will  enable  any  desired  amount  of  moisture  to  be  measured  by 
that  instrument  and  overcome  the  objection  of  Hmited  range 
which  has  been  raised  against  it. 

This  method  of  treating  a  part  of  the  moisture  in  wet  steam 

•  Tranmciiont,  A.  8.  M.  E.,  Vol.  XI.,  page  200, 

t  TTaHtaeliom.  A.  8.  M.  E.,  Vol,   VII.,  page  178  ;  Vol.  VIII.,  page  335. 
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\        »here  the  quantity  is  excessive  has  been  perfected  in  the  appa- 

i^tiis  now  brought  to  notice,  but  in  place  of  nsing  a  superheating 

calorimeter  for  determining  the  remaining  quaotily  of  moisture, 

'^course  has  been  had  to  the  wire-drawiug  prindple,  the  applica- 

''on  of  which  to  calorimeter  work  formed  the  subject  of  Professor 

" eabody's  paper  at  tlie  Scrantori  meeting.* 

The  appended  cnt  (Fig.  142),  reproduced  from  the  report  of  the 

"'scuseioD  referred  to,  shows  the  appaiatus.     The  priiicipal  parts 

^'  the  instrument  consist  of  the  chamber  A,  or  "  drip-box,"  as  it 

Js  called,  and  the  "  heat  gauge,"  consisting  of  the  orifice  /,  and  the 


two  thermometers  itfand  N.  The  instrument  is  connected  to  the 
main  steam-pipe  G,  which  carries  the  steam  to  be  tested,  by  means 
of  the  perforated  pipe  F,  and  this  pipe  extends  across  the  full  diam- 
eter, in  order  to  obtain  a  sample  of  the  steam  tested.  The  orifice  / 
opens  into  a  pipe  which  is  in  free  communication  with  the  atmos- 
phere. By  the  use  of  the  orifice  a  continuous  current  of  steam  is 
made  to  pass  through  the  whole  apparatus,  and  the  current  has  a 
constant  rate  so  long  as  the  pressure  is  constant.  In  the  formthns 
far  made,  the  supply-pipe  F,  and  the  fittings,  up  to  the  drip-box, 
are  the  ordinary  size  of  J-inch  steam-pipe.    The  drip- box  is  2  inches 

•  Tra»»aclion»,  A.  S.  M.  E.,  Vol.  X.,  page  337,  Paper  No.  828. 
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inside  diameter  and  12  inches  long,  and  tbe  diain-pipe  D  is  ^-inch  I 
pipe.     Thepipeleavingthe  diip-box  is  also  ^-incb,  and  the  remain- j 
ing  pipes  and  littiiigs  are  of  the  ^-'uch  size.     The  parts  marked  -S^ 
which  enclose  a  plate  in  which  the  orifice  is  placed,  are  a  pair  of 
union  flanges,  and  inserted  between  these  flanges  and  under  tbe 
bolt-heads  are  pieces  of  non-conducting  material  which  prevent  tbe  J 
direct  transfer  of  beat  through  the  metal  walls  of  the  high-pressure  I 
pipe  above  the  orifice  to  tbe  walls  of  the  low-pressure  pipe  below  I 
it.     The  tbermometer  M  rests  in  an  oil-cup,  K,  as  aiiown,  and  the  J 
thermometer  ^is  arranged  in  a  like  manner.  .   I 

The  use  of  tbe  non-conducting  material  shown  at  the  points  J\ 
might  seem  to  some  unnecessary,  and  it  may  be  explained  that  in  I 
Bome  early  experiments  with  the  superheating  calorimeter   it  was  1 
found  absolutely  necessary  to  cut  off  all  solid  metallic  connection  1 
between  tbe  jacket  and  tbe  interior  beating  pipe,  else  there  would 
be  a  transfer  of  beat  fi'om  one  to  the  other,  which  would  make  tbe 
indications  of  tbe  thermometers  erroneous.     The  same  principle 
applies   here,  and  justifies   tbe    arrangement    which   has    heea 
adopted. 

The  orifice  /  is  made  about  \  of  an  inch  in  diameter  for  press-  J 
ures  in  tbe  neighborhood  of  KO  lbs,,  aud  under  80  lbs.  pressure  I 
it  discharges  about  60  lbs.  weight  of  steam  per  liour.  I 

Tbe  range  of  the  wire-drawing  part  of  the  instrument,  or  "  heat-  \ 
gauge,"  as  it  has  been  named,  is  a  percentaf^e  of  moisture  varying 
according  to  the  pressure.  When  this  is  80  lbs.,  tbe  range  is  be- 
tween 3|(  and  4^.  It  is  unneceRsary  to  use  the  drip-box  unless  the 
quantity  of  moisture  is  in  excess  of,  say,  3;*.  The  unions  P  and  Q 
are  therefore  made  interchangeable.  When  a  test  is  to  be  made, 
the  heat-gauge  is  first  applied  directly  to  the  union  Q  and  a  prelim- 
inary trial  made,  to  see  what  the  general  condition  of  tbe  steam  is. 
Whenever  tbe  moisture  exceeds  3^,  or  the  limiting  quantity  at  the 
existing  pressure,  the  thermometer  jV  shows  a  tempeiature  of  about 
213°,  and  drops  of  water  will  generally  be  seen  escaping  from  the 
open  dischai'ge-pipe.  If  the  quantity  of  moisture  is  not  beyond 
the  range  of  the  wire-drawing  instrument,  the  temperature  shown 
by  thermometer  iV  will  be  in  excess  of  213°. 

Itisgeuerally  advisable  to  bring  the  complete  apparatus  into  use, 
if  tbe  thermometer  JV  shows  less  than  220\  It  is  usually  found, 
when  the  steam  is  wet  enough  to  show  this  latter  temperature, 
that  the  quantity  of  moisture  varies,  and  thermometer  ^Vfluctuates 
over  a  considerable  range,  aud  at  times  it  will  drop  to  its  limit  of 
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Whenever,  therefore,  thermometer  N  shows  a  temperature 

either  continuously  or  periodically,  it  is  necessary  to 

)  drip- box  into  use. 

jg  the  complete  apparatiiB,  the  condensed  water  from  the 

is  drawn  off,  by  means  of  the  valve  D,  into  a  bucket  rest- 
ales,  and  the  quantity  dra,wn  off  is  regnlated  so  as  to  keep 
r  level,  as  shown  in  the  glass  C,  at  a  constant  point. 
e  drip-box  is  used  in  this  wa.j,  the  author  has  found  that 
le  whole  quantity  of  moisture  in  a  sample  will  bedepos- 
I,  and  very  little  moisture  will  be  left  to  pass  over  into  the 
ge.  Indeed,  the  experiments  show  that  the  drip-box 
th  a  suitable  orifice  or  valve  provided  at  the  top,  so  as  to 
proper  circulation  through  it,  would  form  a  very  satis- 
istrument  for  determining  the  quantity  of  moisture  in 

where  the  steam  contained  much  of  it 
the  quantity  of  moisture  drawn  off  fi'om  the  drain-valve 
en  determined  tor  a  given  time,  the  percentage  of  moist- 
h  this  represents  must  be  found  by  comparing  it  vrith 

amount  of  steam  passing  through  the  apparatus.  The 
r  be  determined  either  by  computation  or  by  triaL  The 
tion  may  be  made  by  finding  the  exact  area  of  the  orifice, 
luting  the  quantity  which  passes  through  by  means  of 
uta, 

Q  =  Pressure  oiKive  zero  x  area 
70  ~"^  ' 

v%s  tlie  number  of  pounds  discharged  through  the  orifice 
id.  The  pressure  (o  be  used  is  that  corresponding  to 
erature  shown  by  thermometer  M.  The  quantity,  as 
lid,  is  accurate  enough  for  rough  comparisons.  The 
lutity  can  be  determined  by  conducting  the  steam  dis- 
from  the  open  end  of  the  apparatus  into  a  tub  of  water 
.1  scales— or,  what  is  a  better  way,  into  a  coil  of  lead 
ron  pipe  surrounded  by  flowing  water,  in  the  manner  of 
condenser,  and  weighing  the  condensed  water  drawn  off 
1  time. 

in  amount  of  moisture  is  produced  by  radiation  from  the 
5  itself,  even  though  nil  the  parts  are  well  covered,  as  it 
necessary  that  they  should  be,  with  hair  felting.  The 
af  the  instrument  on  the  test  must  therefore  be  corrected 
OSS  thus  occasioned.     It  lias  been  the  practice  of  the 
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antlior  to  make  these  corrections  bj  observing  the  lodications  I 
when  the  appnratus  ie  supplied  with  steam  from  the  pipe  G,  at  a 
time  when  the  pressure  is  steady  and  the  pipe  contaiufi  nothing 
bat  deitd  steam,  there  being  no  current.  This  condition  of  things 
can  generally  be  obtaintid  in  a  factory  at  noon-time,  when  the 
engine  is  stopped,  or  at  night,  after  the  close  of  the  day's  work. 
It  may  fairiy  be  presumed  that  the  apparatus  is  then  supplied 
with  firy  steitm,  and  whatever  moisture  collects  in  the  drip-boi  A, 
and  whatever  difference  is  shown  by  thermometers  M  and  jV,  is 
due  simply  to  the  loss  of  heat  from  radiation.  When  thu  loss  Irom 
radiation  has  been  thus  obtained,  the  quantity  representing  that 
due  to  the  drip-box  is  simply  subtracted  from  the  weight  of 
water  drawn  oD'  during  tbe  same  length  of  time  on  the  main  test. 
The  way  in  which  the  correction  is  applied  to  the  readings  of 
thermometers  M  and  A'  is  to  take  tiie  reading  of  thermometer  N 
on  the  radiation  test  when  thermometer  M  indicates  an  average, 
and  use  this  reading  as  a  starting-point.  The  indication  of  ther- 
mometer N  on  tlie  main  test  ia  then  simply  subtracted  from  this 
normal  reading.  For  example,  suppose  the  average  reading  of 
the  upper  thermometer  {M)  during  the  main  test  is  312° ;  sup- 
pose the  lower  thermometer  {N)  indicates  an  average  of  2(i0'  on 
the  main  test,  and  on  the  radiation  irial  suppose  it  indioales  2fi7° 
when  thermometer  i/ shows  313"  ;  the  process  would  be  simply 
to  subtract  2(50  from  267,  and  this  would  give  as  a  result  7°  as 
the  cooling  effect  produced  by  tlie  moist  steam  discharged  on  the 
main  test. 

In  order  to  compute  the  amount  of  moisture  from  the  loss  of 
temperature  shown  by  the  heat-gauge,  the  number  of  degrees  of 
cooling  of  the  lower  thermometer  {N)  is  divided  by  a  certain  co- 
efficient, representing  the  number  of  degrees  of  cooling  due  to  l?i 
of  moisture.  This  coefficient  depends  upon  the  specific  lieat  of 
superheated  steam,  which,  according  to  RegnauU's  experiments, 
is  0.48.  In  other  words,  the  heat  represented  by  1°  of  super- 
heating is  0.48  of  a  thermal  unit.  The  author's  experiments 
show  that  this  quantity  cannot  be  applied  exactly  to  the  form  of 
instrument  under  consideration.  The  quantity  to  be  used  varies 
somewhat  according  to  the  degree  of  niuisture.  For  an  instrn- 
ment  working  under  a  temperature  of  314^  by  the  upper  ther- 
mometer, and  with  a  cooling  by  the  lower  thermometer  from 
268°  to  241°,  the  quantity  was  found  to  be  about  0.42.  When 
the  coohng,  however,  was  from  266°  to  225°,  the  quantity  to  be 
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I  was  fonnd  to  be  abont  0,51.  The  experiments  have  not  as 
Bovered  a  sufBcient  range  to  determine  the  exact  law  wbicli 
be  applied  to  every  case,  but  it  seems  probable  that  tbe 
ific  beat  ia  more  or  leas  constant  until  tbe  temperature  by 
lower  thermometer  approaches  the  point  of  saturation  for  tbe 
pressHre  steam,  while  bejond  this  point  the  specific  heat 
31y  increases.  For  the  present,  il  is  assumed  that  the  quan- 
tt42  is  the  proper  one  to  apply  whenever  the  temperature  by 
lower  thermometer  ia  above  235°,  and  that  in  eases  where 
temperature  is  below  235°,  the  quantity  to  be  used  is  an 
sssing  oue,  reaching  perhaps  to  0.55  when  the  temperature 
» to  220". 

ne  per  cent,  of  moisture,  now,  represents  the  quantity  of  heat 
nniued  by  multiplying  the  Intent  beat  of  one  pound  of  steam, 
Dg  a  pressure  corresponding  to  the  indication  of  thermometer 
yO.Ol,  and  this  product  is  to  be  divided  by  0.42  (provided 
tower  temperature  is  not  below  235°),  in  order  to  express  it 
tins  of  degrees  of  superheat.  For  example  :  When  thermom- 
^  shows  312°,  the  latent  heat  is  8i)4  thermal  units,  and  1^  of 
8  S.94 ;  dividing  by  0.42,  the  number  of  degrees  of  superheat 
sponding  to  H  of  moisture  is  found  to  be  21.3.  For  several 
temperatures,  which  cover  the  ordinary  range  that  would 
lonly  be  used,  tbe  necessary  coefficient  is  given  in  the  fol- 
S  table : 


870 

23.0 

830 

21.1 

280 

31.8 

8B0 

31.0 

290 

21.7 

340 

20.8 

350 

20.8 

310 

21.3 

360 

20.5 

e  utility  of  the  instrument,  and  tbe  general  manner  in  which 
erates  in  practice,  may  beat  be  shown  by  reference  to  the 
us  tables  which  are  appended,  giving  the  results  of  a  num- 
f  tests  on  different  boilers,  made  by  the  author. 

TEST  NO.  1. 
e  first  test  was  made  when  using  simply  the  wire-drawing 
of  the  instrument,  or  "  heat-gauge,"  in  a  somewhat  incom- 
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pleto  form.  Only  one  thermometer  was  applied — that  is,  thelower 
thermometer — and  the  temperature  of  the  steam  above  the  orifice 
is  only  to  ha  learned  by  the  indications  of  the  pressure-gauge 
attached  to  the  boiler.  The  boiler  was  one  which  gave  steam  of 
varying  degrees  of  dryness,  and  it  was  admirably  adapted  (or  a 
test  of  this  kind.  It  consisted  of  two  shells,  as  shown  in  the 
appended  sketch  (Fig.  143),  the  lower  one  of  which  was  nenrij 
filled  with  tubes,  and  the  upper  one  served  the  purpose  of  a  drum. 


— Caloiiinctcr  ftlao  applied  bert 


Tiie  connection  between  the  two  shells  was  by  a  single  neck 
the   front   end.     Two   steam-pipes   carried   away  the   supply 
steam,  one  being  attached  at  the  front  end  of  the  drum,  direo* 
over  the  connecting  neck,  and  the  other  being  attached  to  the  r^ 
end.     The  smoke  and  products  of  combustion,  on  leaving   t. 
tubes,  ])assed  over  the  exterior  surface  of  the  drum  on  their  ^v' 
to  the  cbimnev,  and  the  drum  thus  furnished  a  certain  amounts 
steam-heating   surface.      The  calorimeter  was  attached  first> 
one  of  these  pipes  and  then  to  the  other,  and  the  form  of  insit^ 
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t  used,  as  also  the  method  of  attncbment,  is  shown  in  the 
jL  The  boilers  at  this  place  were  two  in  number,  and  the 
imeter  was  attached  to  only  one.  When  the  instrument  was 
ied  to  the  front  pipe,  the  quality  of  the  steam  indicated  «aa 
I  variable  ;  but  when  it  was  attached  to  the  rear  pipe,  the 
ty  became  nearly  constant,  and  the  indications  pointed  to  a 
[  amoant  of  superheating.  The  indications  of  the  instrument 
tie  front  pipe  revealed  an  exceedingly  interesting  stale  of 
rs.  The  quality  of  the  steam  fluctuated  periodically  over  a 
iderable  range,  varying  from  a  condition  of  extreme  wetness 
nearly  dry  condition.  When  the  indications  pointed  to  the 
Ht  amount  of  moisture,  the  thermometer  showed  about  213', 
drops  of  water  issued  with  the  steam  at  the  point  of  dis- 
;e.  The  periodical  fluctuations  were  surprising,  until  a 
il  observation  of  the  times  when  they  occurred  showed  that 
et  steam  was  produced  according  to  the  rate  of  production 
jam  in  the  boiler  to  which  the  calorimeter  was  attached. 
iring  of  the  two  boilers  was  done  alternately,  and  when  the 
f  to  which  the  calorimeter  was  attached  was  fired,  there  was 
iation  in  the  generation  of  steam  in  this  boiler,  and  the  other 
',  in  which  the  fire  was  active,  was  drawn  upon  to  make  up 
eficiency.  At  this  time  the  theroiometer  in  the  calorimeter 
•  always  showed  increasing  indications.  Whenever,  on  the 
ary,  the  other  boiler  was  fired,  and  at  times  when  the  fresh 
n  the  calorimeter  boiler  had  become  active  again,  the  indi- 
13  of  the  thermometer  would  rapidly  fall.  At  such  times 
axiliary  boiler  became,  for  the  moment,  inoperative,  and  the 
meter  boiler  was  called  upon  to  furnish  the  greater  part  of 
«am.  The  lower  shell  of  the  boiler  being  nearly  filled  with 
,  and  the  generating  surface  in  this  shell  being  very  small, 
was  an  active  tendency  for  this  shell  to  carry  up  into  the 
a  mixture  of  water  and  steam,  and  this  would  easily  find 
.y  into  the  front  pipe,  directly  above,  whenever  the  boiler 
loing  much  work.  The  alternate  beating  and  cooling,  due 
!  periodical  firing,  produced  alternately  very  wet  and  nearly 
earn  in  the  front  part  of  the  drum,  and,  as  a  consequence,  it 
ced  a  varying  degree  of  moisture  in  the  steam  which  passed 
gh  the  front  pipe,  as  noted. 
51 
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DIMENSIONS  AND  OTHER  DATA  REGABDIKG    BOILEB    BEFEBBED    TO 

FIG.    143,   TEST  NO.   1. 

1.  Diameter  of  main  shell 54  in. 

2.  Length  of  main  shell  and  length  of  tnhes 17  ft. 

3.  Number  of  tubes,  4  In.  outside  diameter 45 

4.  Size  of  grate 4  x  8  f t. 

5.  Area  of  grate  surface 82  sq.  ft. 

6.  Area  of  water-heating  surface 084        ** 

7.  Area  of  steam-heating  surface 107        " 

8.  Areaof  total  heating  surface 1,041        *' 

9.  Collective  area  through  tubes 3.4       *' 

10.  Ratio  of  total  heating  surface  to  grate  surface 82.5  to  1 

11.  Ratio  of  grate  surface  to  tube  area 9.3  to  1 

12.  Kind  of  coal  used Schuylkill  pea 

18.  Percentage  of  ashes 17.8 

14.  Coal  burned  per  hour  per  sq.  ft.  of  grate 11.5  lbs. 

15.  Water  evaporated  per  sq.  ft.  of  heating  surface  per  hour. . .  8.1  " 

16.  Average  temperature  of  flue  gases 420** 

17.  Average  draught  suction 0.24  in. 

18.  Water  evaporated  per  pound  of  combustible  from  and 

at  212'',  uncorrected  for  moisture 11.07  lbs. 


IN 


TABLE  No.  la. 

DOUBLE-DECK  HORIZONTAL  BRTDBN  TUBULAR  BOILER  {Fig,   148). 

ATTACHED  TO  FBONT  8TB\M-PIPB. 


CALOBIMETEB 


Boiler 
Gange. 

Temperatare 
shown  by 
Lo\\er  Thermo- 
meter of  Cal- 
orimeter. 

Condition  of 

Steam  at  Outlet 

of  Calorimeter 

as  it  Appeared 

to  the  Eye. 

Position  of 
Damper. 

Time  or  Firing. 

Time. 

Aaxiliary 
Boiler. 

Boiler  to  which 
Calorimeter 
was  Applied. 

10.00 

...    • . 

...... 



236 

226 

242 

256 

2(14 

2C9 

271.5 

273.5 

272 

205.5 

204.5 

230 

218 

222 

241 

256 

2()8 

258 

246 

226 

Dry 

Wet* 

Dry 

(( 

(( 

(( 
(< 
<( 
*t 
i« 

Wet 

Dry 

i « 

(« 
(( 

tt 
It 

Wide  open 

•  4 
«< 
«l 
«« 
(( 
*t 

i  open 
it 

it 

t€ 
C( 

Wide  open 
it 

<< 

1  open     ^ 
it 

i  oyen 
(< 

10.00 

10.01 

10.02 

10.02i 

10.03 

10.04 

10.  Oo 

10.06 

10.07 

10.08 

10.09 

10.10 

10.11 

lO.lli 

10.12 

10.i:i 

10.14 

10.15 

10.15 

10.10 

10.20     1     88 

10.21      

10.22      

♦  By  the  term  "  wet "  is  meant  that  drops  of  water  emerged  from  the  outlet  of  the  calorimeter. 
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■- 

GMge'. 

•bDwn  by 
HmeiM. 

Condition  of 
8tvmm  HI  On  lie! 
or  Calnilmeler 
lui  It  ApiKinid 
tothi^e. 

DUB^. 

- 

Anrijtoj 

Boiler  to  wblch 
»»  Applied. 



"w" 

'87" 

230.5 

3ia,5 

280 

246.6 

356,5 

se4 

369 

270 

363 

241 

2n 

214.5 

235 

243 

261 

257-5 

2.J5.5 

359 

265 

369,6 

372 

374 

a:  3 

2g:i 

227 

323.5 

285 

341.5 

237 
24-i 

351.5 

2.W 

263 

367.5 

365 

335 

Wet 
Wot 

Wat 

wid7^ 

Jopen 
Wide  opeo 

Wide  npen 

i  open 

Wide  open 

J  open 
Wide  open 

lo.asi 

10.83 

10.51 

10.561 

■* 

-1 

3 

11.00 

&5 

388    (He 

>r  pipe.) 

I  Table  No.  !«  tlie  indicatious  of  the  thermometer,  aa  also 
regarding  the  contlition  ot  the  i.ssuiug  steam  aa  it  appeared 
le  eye,  the  position  of  tlie  damper,  and  the  time  of  firing  of 
L  boiler,  are  given  for  nearly  every  minute  during  an  hour's 
The  flactuating  character  of  the  readings,  as  influeiiced  by 
time  of  firing,  is  clearly  shown  in  this  record.  Notice,  for  ei- 
le,  the  reading  at  10.27,  when  the  boiler  to  which  the  calorim- 
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eter  was  applied  was  fired  witli  fresh  ooal ;  the  reading  is  256.5% 
and,  compared  with  the  previous  readings,  the  indication  of  the 
thermometer  ia  rupidlj  rising;  at  10.28  it  reaches  264^,  and  at 
10.30  it  i3  270°.  At  this  time^ — three  minutes  after  firing — it  is  evi- 
dent that  the  boiler  began  to  recover  its  normal  rate  of  production, 
and  the  itidicationa  of  the  thermometer  began  to  fall ;  at  10.33 
they  had  dropped  to  221°,  and  at  this  time  the  auxiliary  boiler 
was  fired,  which  occurrence  threw  nearly  the  whole  work  of  pro- 
duction upon  the  calorimeter  boiler,  and  this  was  followed  by  the 
thermometer  going  down  to  214.5°  and  the  issuing  steam  present- 
ing a  wet  appearance  to  the  eye.  The  thermometer  then  began 
to  rise,  and  at  10.38,  five  minutes  afterward,  it  had  reached  261°, 
and  it  is  presumed  that  the  fire  in  the  auxiliary  boiler  had  become 
quite  active,  while  tJiat  in  the  calorimeter  boiler  was  somewhat 
cooled. 

The  normal  reading  of  the  instrument  was  not  determined 
when  applied  to  the  trout  pipe,  but,  taking  the  indication  for  the 
normal  as  determined  for  the  rear  pipe,  which  was  288°,  the 
cooling  effect  due  to  moisture  for  the  best  imlication — viz., 
274°  at  10.45—13  288°  -  274'  =  14° ;  and  this  divided  by  the 
proper  coeilicient — viz.,  21 — gives  for  tlie  percentage  of  moistme, 
under  theee  circumstances,  0.66.  The  lowest  indication — viz., 
214.5°  at  10.34r^show8  a  cooling  effect  due  to  moisture  of 
288"  —  214.5"  =  73.5°;  and  this,  divided  by  the  assumed  coefficient 
lor  this  temperature,  which  is  16.9,  gives,  for  the  percentage  of 
moisture,  4.34^.  This  percentage,  however,  does  not  show  the 
whole  for  this  particular  case,  because  the  range  of  the  instrument 
was  evidently  exceeded. 

The  record  of  the  test  when  the  calorimeter  was  applied  to  the 
rear  pipe  is  given  in  Table  No.  lb.  The  indications  of  the  ther- 
mortieter  varj-  from  288"  to  297.5°,  with  a  normal  reading  of  288° 
at  85  lbs,  pressure.  There  is  continual  evidence  here  of  super- 
heating, and  this  might  be  expected  from  the  fact  of  the  steam- 
heating  surface,  of  which  the  steam  issuing  fi'om  this  end  of  the 
drum  had  tlie  benefit. 
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TABLE  No.  lb. 


„.., 

BoUetQaose. 

Temper 

meter  ot  Calorlmiur. 

1.00 

84 

a«i.6 

1.01 

200.S 

1.07 

72' 

288 

l.ll 

73 

387,0 

1  la 

GO 

aee.a 

1.33 

71 

289 

1.40 

83 

389. S 

1.54 

88 

392 

1.69 

87.5 

294.5 

3.03 

84 

305. S 

3.04 

»i 

395 

3,09 

81 

395,5 

2,13 

84 

206.5 

3.  IS 

8« 

297.6                     1 

8.17 

88,6 

207.  S 

a.38 

ai 

soa 

3.27 

87 

297.5 

Ml 

BS 

288 

TEST  NO.   2. 
t  1^0.  2  was  made  with  tbe   complete   calorimeter.     The 
was  of  the  cast-iron   sectional  type,  and  was  employed 
r  to  supply  steam  for  heating  purposes. 

various  sections  in  this  boiler  are  connected  by  a  header  at 
'ttom,  into  which  the  feed-water  is  supplied,  and  by  means 
rum  on  the  top,  from  which  the  steam  is  carried  away  into 

ilding.  Tiie  principal  features  of  the  boiler  are  shown  in 
)pended  figure  (Fig.  144).    The  calorimeter  was  attached  to 

iim  at  a  point  3^  feet  distant  from  the  front  end,  and  the 
dF  the  apparatus  used  and  the  manner  of  attachment  are 

in  the  sketch. 

he  time  of  making  Test  No.  2a,  the  boiler,  which  was  new, 
■en  in  use  a  considerable  leneth  of  time  without  blowing  off, 
3  the  test  proved,  it  was  discharging  a  lar^e  quantity  of 
eam.     The  water  drawn  from  the  drip-box,  as  will  be  seen 

last  column  of  Table  No.  2a,  which  gives  the  results  of  this 
iried  from  0.O8  of  a  pound  per  hour  to  4.5  lbs.  per  hour, 
lese  quantities,  referred  to  the  calculated  rate  at  which  the 
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steam  passed  through  the  instrument — ^viz.,  45.6  Iba — show  a 
variation  of  moisture,  as  measured  by  the  drip-box  alone,  of  from 
0.17  of  one  per  cent.,  the  observation  at  3.20,  to  about  10^,  or 
that  given  by  the  observation  at  3.32.  The  lower  thermometer 
in  the  heat-gauge,  as  will  be  seen  by  the  record,  showed  a  nearly 
constant  temperature.  In  spite  of  the  great  variation  in  the 
actual  percentage  of  moisture  as  shown  by  the  drip-box,  the 
temperature  changed  only  from  264°  to  269°.  The  normal  read- 
ings were  not  observed,  but  the  indications  point  to  a  normal  of 
272°  for  a  temperature  of  304°  by  the  upper  thermometer,  and 
to  a  rate  of  condensation  in  the  drip-box  of  0.08  of  a  pound  per 
hour,  which  was  the  minimum  rate  shown  at  3.20  p.m.  The 
average  of  all  the  readings  by  the  lower  thermometer  is  266.9°, 
and  for  the  drip-box  1.68  lbs.  per  hour.  The  percentage  of  moist- 
ure shown  by  the  heat-gauge  here  is  272°— 266°.9^  5.1°  for  the 

5  1 
cooling,  and  this  represents  -  --   x  100  =  0.24  of  o  le  per  cent,  of 

21.5 
moisture.     The  water  drawn  from  the  drip-box,  and   corrected 
for  the  assumed  radiation,  is  1.68  —  0.08  =  1.$  lbs.  per  hour,  and 

1  f5 

this   represents  -^-^  x  100  =  3.51^  of  moisture.      l?he  two  per- 

45.0  "^ 

centages  added  together  make  a  total  of  3.75^. 


DIME^'SIONS  AND    OTHER    DATA    REGARDING    BOILER   BEFEBBED    TO    IN 

FIG.   144,   TEST  NO.   2. 

1.  Size  of  grate 5  ft.  10  in.  by  5  ft.  8  in. 

2.  Extreme  width  of  each  section 45  " 

3.  Extreme  height  of  each  section 4  ft.  4  in. 

4.  Number  of  sections 82 

5.  Approximate  area  water-heating  surface  each  section 20.26  eq.  ft. 

6.  Approximate  area  steam-heating  surface  each  section 7.6    "     •* 

7.  Total  heating  surface  of  whole  boiler 809    **     •* 

8.  Area  of  grate  surface 17.5    **     " 

9.  Ratio  of  total  healing  surface  to  grate  surface 51.1  to  1 

10.  Water    evaporated  per  square  foot  of    heating  sarface  from   100° 

at  70  lbs.  pressure  per  hour 2.4  Iba. 

11.  Kind  of  coal  used Anthracite  broken 
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TABLE  No.  2a. 

CAST-IRON    SECTIONAL  BOILRB  (Fig.  144)  PREVIOUS    TO  BLOWING  .OFF  AND 

RENEWING  WATER. 

Complete  Calorimeter  in  Use, 


Time. 


Upper 
Thermometer. 


2.50 
2.55 
2.58 
3.10 
3.15 
8.20 
3.27 
3.32 
3.38 
3.43 
3.50 
4.02 
4.03 
4.07 
4.16 
4.25 


Av. . 


804 
304 
303 
800 
304 
304 
303 
299 
302 
305 
306 
304 

•  •  • 

804 
306 
303 


303.4 


Lower 
Thermometer. 


204 
266 
267 
266 
266 
267 
267 
266 
265 
268 
268 
269 

•  •  • 

269 
267 
268 


266.9 


Weight  of  Pail 

containing 

Water  drawn 

off  from  Drlp- 

boz. 


6    oz. 

8}  " 

4i  '* 

n 

8i 

81 
12 
18 

6} 
11 

13i 

17 

7i 
11 
15i 


Net  Weight  of  Water 

drawn  from  Drip-box 

daring  Preceaing 

Intenral. 


2}  oz.  in    5  min. 


SI  oz.  in  13  min. 
}      "       5     '* 
i     *•       5    " 

8       **       5    " 


•  .  • 

4}, 
8J 

•  •     • 

•    •     •     •      • 

OZ.  in 

»f 

<< 

5  min. 
7     •• 
12     •* 

1    oz.  in    4  min. 
8}      "       9 
4i      "       9 


«f 


<* 


Rate  per  Hour 
at  which  Water 

ia  Drawn  off 

from  Drip-box, 

Iba. 


2.08 

•  «  •  • 

1.09 
0.56 
0.08 
1.81 
4.50 

•  •  •  • 

S.S6 
1.20 
1.17 

•  •  •  « 

0.94 
1.56 
1.71 


1.68 


Normal  readings  were  not  observed. 
Weight  of  steam  passing  through  orifice  (i  In.  approximate  diameter),  calcolat^^ 
for  72  Iby.  pressure  (absolute),  H  x  3,600  x  .0128  =  45.6  Iba.  per  liour. 

Test  No.  2b  was  made  on  the  same  boiler,  asiDg  the  same 
paratus,  and  all  the  conditions  were  the  same,  excepting  that  di 
ing  the  interval  between  the  two  tests  the  boiler  had  been  bloi 
off  and  the  water  renewed.     The  results  of  the  test,  made  mid 
these  circumstances,  are  given  in  Table  No.  2b. 

The  average   readings  of  the    two  thermometers  on  this 

are  298.7°  for  the  upper  thermometer,  and  264.7^  for  the  low^^^" 

thermometer.     The  normal  for   298.7°   may  be   taken   at  269<=^ ' 

and  the  cooling  below  this  point  is  4.3®,  which  corresponds  t^^^ 

•i.3 
(^/  V  =  0.2  of  one  per  cent,  of  moisture.     The  average  of  the  drip-^^ 

box  readings  gives  0.23  of  a  pound  per  hour.     Using  the  assumec^^ 

quantity  for  radiation  that  was  taken  before,  the  net  quantity  duc^^ 

to  moisture   in  the  steam   becomes  0.23  —  0.08  =  0.15  lb.,  and^ 

0.15 
this  represents  ^^  x  100  —  0.33  of  one  per  cent,  of  moisture.^^ 
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The  sum  of  the  two  percentagea  is  0.3! 
which  represents  the  total  moistnre. 


\-  0.2  =  0.5  i  per  cent, 


CompleU 

Calorimeter 

n  me. 

■nmB. 

™,  ''PP" 

Lower 

w»wt  drawn 

NMWBlghtotWiltr 

diawn  From  DHu-boi 

dnrins  Preced^iig 

Inl*n-ul. 

[■  Dnwn  aft 

(rom  Drip-boi, 

Lba. 

9.15 

800 
296 
398 
3t)3 
396 
800 

SH5 
268 
204 

aei 

366 

16. a 

11,75 
13 
14.5 
16.25 

17.75 

a.3s 

9.S5 
10.13 

10.45 
11.  IB 

l.atoz.  inaOmlo. 
1.25      ■'    M     " 
1.5        "    20     " 

1.75      '■    80    " 
1.5        ■'    80     ■' 

0.28 

a 

0.19 

208.7 

S64.7 

TEST  NO.   3.  ' 

Test  No.  3  was  made  on  a  water  tube  boiler  of  well-known  type, 
tlie  general  features  of  wliicli  are  shown  in  Fip.  145.  Appended 
is  a  table  giving  tlie  principal  dimensions  of  the  boiler  and  the 
general  conditions  under  which  it  was  operated.  In  this  test  the 
complete  calorimeter  was  at  £rst  in  use,  and  the  readings  which 
Were  taken  are  as  follows : 

TABLE  No.  &t. 

WATER  TUBE   BOILEB  {Fig.  145). 


STAKT  CALOBIMBTIOI  AT  9.05. 

9.35 

348 

280 

0.5  m. 

0.86  lb. 

9.48 

348 

386 

0.5  ■■ 

0.38  " 

10.05 

349 

286 

■  1.0  " 

P  AT  10,06— STABT  AT  12.56. 
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There  wete  no  Bormal  readings  taken  when  using  the  complete 
iparatus,  as  it  was  evident  that  the  percentage  of  moisture  was 
>t  high  enough  to  coll  for  anything  more  than  the  beat-gauge. 
le  drip-box  was  consequently  removed,  and  the  remaining  read- 
gs,  which  are  given  below,  were  taken,  using  simply  the  heat- 

TABLE  No.  8*. 


Time. 

2.50 

S4S 

ar? 

3.08 

848 

278 

3  20 

850 

880 

274 

3.40 

300 

a. 45 

8U 

877 

848.7 

348 

38fl 

The  average  readings  of  the  upper  thermometer  on  this  test 
are  !JiS.7^,  and  of  the  lower  thermometer  275%  the  range  of  this 
tter  being  from  271°  to  278".  The  normal  for  the  lower  ther- 
oroeter,  which  was  found  by  taking  indications  when  no  steam 
IS  being  drawn  from  the  boiler,  a  steady  pressure  being  main- 
ined,  was  289°.  The  average  cooling  effect,  due  to  moisture  in 
e  steam,  is  289°—  275°=  14° ;  and  this,  divided  by  thecoefficient 
r  350°,  which  is  20.6,  gives  0.68  of  1^. 

On  this  test  the  quantity  of  steam  passing  through  the  orifice, 
liich  was  1  of  an  inch  in  diameter,  was  determined  by  carrying 

into  a  barrel  of  water  resting  on  scales.  The  quantity  con- 
;nsed  was  14,75  lbs.  in  10  minutes,  which  is  at  the  rate  of  68.5 
■s.  per  hour. 


:MENS10N8  and   other    data  RCOABDING    boiler    BEFEBBEl)  TO  1 
TEST  NO.   3. 

1.  Number  of  tubes,  4  in.  outside  diameter 60 

2.  Lengib  of  tubes 16  ft, 

3.  Drameter  of  each  drum  (3  in  all) 38  iu. 

4.  I.engili  of  drum .18  ft. 

5.  Size  of  grale 6  x  4  ft.  10  in. 

6.  Area  of  healing  Hur face 1,261  Bq.  ft. 

7.  Area  of  grate  surface 38      " 
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8.  Rutio  of  heating  PurtftCf  to  grate  surface 4S.1  'o  I 

9.  Kiud  (it  cnal  uaed. I'lttaburg  bituminouB 

10,  Percenla«e  of  aiiheH fi.9S 

11.  Coal  per  boup  por  square  foot  of  (rrate 13,1  It?. 

13,  Water  evnporated  |  er  hoar  per  squeru  toot  of  beating  surface 

from  100°  Rt  TO  Iba,  pressnie 2.4  Ibn. 

18.  Average  leniperatare  of  flue  gaapB 540" 

14,  Water   Bvaporated    per  pound    of  combustible  from  and 

at  213' B.lTliH, 

TEST    Na    i. 

Test  No.  i,  like  the  pretiodiiig  one,  was  made  on  a  witter  tube 
boiler  of  tbe  stjle  shown  in  the  preceding  cut.  On  this  teat  the 
heat-gauge  only  was  in  use,  and  the  point  where  it  waa  applied 
is  shown  in  Fig.  145.  Appended  is  a  table  showing  the  gen- 
eral dimensions  of  the  boiler  and  the  conditions  under  which  it 
was  operated. 


DD[£K8I0K»  AND    OTHEB  DATA    BEQABDIKa    BOILEB    BEFEBHED   TO  IN 
TEST  KO.   4. 

1,  Number  of  sertiona 14 

2.  Number  of  tubes.  4  in,  outside  diameter,  in  each  sei'iion 9 

3,  Total  number  of  tubes 136 

4.  Diameter  of  drum  36  in. 

6,  SiKe  of  grate 7  I  8.B  ft 

8.  Area  of  heating  aurfaee S.T66  Bq,  ft. 

'         T.  Area  of  grate  surface 59.5       " 

8.  Ratio  of  heating  surface  in  grate  anrfftoe 40,5  tol 

9,  Kind  of  coal  uaed George's  Cret-k,  Cumberland 

10.  Percentage  of  onheB 6.35 

11.  Cool  consQined  per  boar  per  square  foot  of  grate 17.9  lbs. 

13.   Water  evnporated  per  aquare  foot  of  beating  surface  from 

100°  at  70  lbs.  pressure  per  hour S.SHIbs. 

13.  Average  temperature  of  flue  gB«ea. 545' 

14.  Average  draught  Buctiou , 0.49  in. 

15.  Waler  per  pound  of  combustible  from  and  at  212° 10.42  lbs. 

On  this  test  readings  of  the  instrument  were  taken  at  intervals 
of  from  one  to  five  minutes  during  most  of  a  ten-hours'  run,  and 
the  full  set  of  observations  la  given  in  Table  No.  i.  Remarks  are 
given,  in  connection  with  many  of  the  readings,  as  to  tlie  condi- 
tion of  the  fire,  heif^ht  of  water  in  the  gauge-glass,  and  other 
information.  It  will  be  seen  from  this  table  that  tbe  quantity  of 
moisture  in  the  steam  was  quite  variable,  though  never  excessive. 
The  smallest  indication  of  the  lower  thermometer  was  that  taken 
at  4.56  P.M.,  when  the  reading  was  249°,  aud  the   highest  indi- 
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KM  at  7.U2  A.M.,  wbeD  tbe  reading  was  279°.  The  range 
iiids  to  n  iittle  over  1^  of  moisture-      Using  the  normal  of 

a  temperature  of  331"  by  the  upper  thermometer,  which 
ad  at  a  time  when  the  boiler  was  discharging  little,  if  any, 
die  lowest  reading,  of  249°,  gives  a  cooling  effect  due  to 
i  of  280°  —  249°  =  31°;  and  the  highest  reading  gives 
279°  =  1°  for  the  cooling  effect  of  moisture.     The  coeffi- 

330°  is  21  ° — that  is,  tbe  cooling  due  to  1<^  of  moisture.  The 

reme  percentages  of  moisture  are,  therefore,  -z   =  1.4S^, 

=  O.OiS^. 

rariatiotis  in  the  indications  of  the  lower  thermometer 
marked,  and  occasionally  so  rapid,  that  an  attempt  was 
1  ascertain  whether  these  variations  could  be  accounted 
my  ditterences  in  the  condition  of  the  fire,  the  height  of 
r  the  manner  of  feeding  the  water.  At  one  time  it  was 
that  the  lowering  of  the  thermometer  was  caused  by  an 
d  actiiritv  of  the  fire.  Notice  the  reading  at  8.42^  a.m., 
as  274°,  and  the  next  reading,  which  fell  to  251°,  Tj  min- 
erward,  and  between  these  two  readings  the  fire  was 
back  and  new  coal  added.  Tlie  nest  time,  however,  that 
was  shoved  back,  whicli  was  at  9.12  A.U.,  tliere  was  do 
ite  change  in  the  indication  of  tbe  thermometer,  though 
the  reading  had  fallen  to  259°,  and  this  fall  may  finally 
;u  due  to  tbe  increased  activity  of  the  fire.  A  little  farther 
55,  the  reading  was  277°.  Shortly  afterward  the  fire  was 
back,  and  immediately  the  temperature  fell  to  257°,  and 
utes  later  to  253°.  Take  the  reading,  however,  at  12.38, 
e  fire  was  treated  in  the  same  manner — there  was  no  fall 
^mpeiature,  even  after  slicing  the  fire,  and  even  when  tbe 
as  pumped  up  to  quite  a  high  point. 
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TABLE  Xo.  4 

WATEK  TUBE  BOILER  (Fig.  145). 


LOWEB  TnEB- 

Upper 

MOMETEB. 

Time. 

^T      ^._^  —  1         ^tfN^\ 

Remarks  as  to  Height  of  Water,  State  of  Fire, 

TheiTOomcter. 

Nonnal   279, 

and  other  Obaervatioiis. 

with  Upper 

Thermometer 

880.   Say,  880 

at  881. 

6.33 

829. 

277 

7.02 

831 

279 

7.35 

331 

271 

• 

8.12 

831 

255 

8.20 

331 

272 

8.22i 

831 

276 

8.30 

831 

278 

8.32i 

331 

276 

8.40 

831 

274 

8.42i 

831 

274 

Shove  back  and  fire  at  8.46. 

8.50 

880 

251 

8.52i 

380 

252 

s.r^ 

881 

264 

9.00 

829 

275 

9.05 

880 

271 

9.10 

880 

277 

9.13 

380 

277 

Shore  back  at  9.18. 

9.14 

881 

275 

Firins: ;  water,  8  inches. 

9.15 

831 

276 

K^        F                                                                ^ 

9.20 

881 

259 

9.22i 

831 

251 

Water,  4i. 

9.25 

831 

265 

9.31 

881 

275 

Shove  back  and  fire,  9.82-83. 

9.34i 

880 

275 

Water,  5i. 

9.35 

380 

271 

9.87 

831 

268 

9.40 

881 

276 

9.45 

dHl 

276 

9.50 

381 

276 

Front  fired  ;  water,  4  inches. 

9.55 

381 

277 

Water,  8  inches. 

lO.Oli 

3;u 

257 

Shove  back  and  fire,  9.58-10.00. 

10.08i 

881 

258 

Water,  4  Inches  ;  feeding  feat. 

10.09 

881 

264 

10.12 

881 

275 

10.17 

330 

277 

10.22 

331 

271 

Front  shoved  back  and  fired. 

10.28 

330 

273 

Water,  5i. 

10.82 

331 

252 

"       4i. 

10.35 

331 

271 

10.41 

330 

275 

10.45 

3:30 

260 

Water,  6^ 

10.50 

331 

256 

Front  shoved  back  and  fired. 

10.55 

331 

250 

Water,  6  ;  pump  slow. 

11.07 

330 

263 

Feeding  fast ;  height,  4  inches. 

11.15 

331 

260 

, 

11.15^ 

331 

251 

Height.  5}. 

11.18 

330 

256 

Front  fired  ;  height,  0. 

11.20^ 

•   •   ■ 

263 

11.22' 

331 

258 
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LOWFB  Thbh- 

HemarlM  u  to  Height  of  W.Iar.  SUM  of  Fll 
and  Dtbiii  ObHeriHllon^. 

Time. 

Sorenl      BTfl. 

■e. 

Tliermcimeler 

"■.,»." 

11.23 

8^1 

253 

11.33 

331 

259 

H.3S 

331 

374 

Froiitfited;  heiKlit,  6. 

11.83 

830 

a7S 

11.41 

330 

275 

11.43 

831 

2.W 

Wnter,  7i. 

11.45 

331 

aai 

Proot  shoved  back. 

11,47 

831 

387 

It. 00 

381 

280 

Heig-Ut,  0i. 

11.55 

331 

282 

■•     ^. 

la.oo 

831 

253 

"        7. 

13.06 

333 

277 

7  ;  damper  shut. 

12.10 

332 

259 

7           "       open. 

ia.i5 

833 

260 

'■         6i. 

1-J.23 

&n 

252 

■*        5. 

12.28 

331 

S!75 

Front  shoved  back  aud  firing. 

12.31 

3B0 

277 

Height.  5. 

12.84 

329 

275 

12.38 

828 

370 

Front  sliced;  height,  7. 

12.40 

827 

271 

1-2,45 

827 

278 

13.51 

329 

275 

12. 5B 
1.18 

330 
330 

SOU 
275 

H«g-ht.  7. 

1.21 

330 

378 

"     s! 

1.30 

3:W 

277 

4. 

1.S8 

330 

261 

Feeding  fast;  height,  5. 

1.48 

S:>9 

282 

Front  shoved  hack  uid  Bred. 

1.50 

830 

364 

Feeding  fast;  height,  6. 

1.57 

830 

356 

Height.  5.5. 

a.08 

831 

266 

•'         .1.5. 

a.  14 

831 

258 

■'         5.2. 

z.ao 

330 

273 

SlioTed  back,  3.31. 

S.23 

330 

268 

Fired,  2.22i. 

2.23 

339 

261 

2.24 

328 

259 

a. as 

339 

252 

a.asi 

829 

252 

Height,  6.5. 

8.28 

839 

255 

SJow  down  pamp,  2.39J. 

2.30 

330 

269 

3.35 

331 

276 

2.46 

331 

261 

Helglit.8. 

2.52 

831 

Slioye  back,  3.50. 

8  54 

330 

256 

8.04 

331 

266 

Height,  8. 

8.09 

330 

276 

"        8. 

3.20 

831 

355 

'■        2.5. 

3.35 

831 

255 

8. 

3.33 

331 

373 

4. 

3.40 

331 

275 

Shoved  hack  and  Bred,  8.85  ;  height 

8.3. 

3.4i 

331 

377 

H^ght,  S, 

812 
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TABLE   No.  ^.—Concluded. 


1 

Lower  Thkr- 

1 
Upper 

MOMETKR. 

Time. 

^T                            1                 C%^^€\ 

Remarks  as  to  Height  of  Water,  State  of  Fire, 

Thennometer. 

Normal      2T9, 

and  other  Observations. 

M ith  Upper 

Thermometer 

330.    Say,2&0 

1 

at  .^1. 

3.53 

331 

268 

Height,  3.5. 

3.59 

331 

270 

4.5. 

4.00 

331 

264 

3.5. 

4.11 

331 

271 

Shoved  back,  4.10  ;  fired,  4.11  i. 

4.12 

331 

270 

Height,  8.5.  (?) 

4.13 

331 

271 

4.14 

331 

266 

Height,  5.5. 

4.15 

i        3::l 

262 

6. 

4.17 

:j30 

273 

4.24 

'        331 

265 

Height,  4.5. 

4. -.8 

830 

273 

•*        4. 

4.39 

326 

275 

4. 

4.45 

326 

275 

4.5.1 
Front  shovt-a  back  and  fired,  5.30. 

4.53 

330 

;       258 

4  56 

330 

>49 

Heipht,  6.5. 

5.U4 

330 

276 

5.5. 

5.10 

331 

276 

t 
1 

5. -22 

331 

275 

Height,  5.5. 

5.2« 

,        333 

276 

Damper  shut. 

5  m 

331 

1 

278 

Height,  5.4. 

1 

TES 

JT   NO.  5. 

Test  No.  5  was  made  on  a  plant  of  four  horizonbil  return  tubu- 
lar boilers,  the  plan  and  longitudinal  cross-section  of  which 
are  shown  in  Fig.  146  and  Fig.  147.  The  whole  plant  con- 
sisted of  six  boilers,  but  only  four  of  them  were  in  use,  and  these 
were  employed  solely  for  supplying  a  22"  and  44"  x  60"  compound 
engine,  developing  an  average  of  618  I.H.P.  The  ratio  of  grate 
surface  to  heating  surface  was  44.2  to  1 ;  the  rate  of  com- 
bustion was  10  lbs.  of  Cumberland  coal  per  square  foot  of  grate 
surface  per  hour ;  the  percentage  of  ashes  was  8.7  ;  the  evapora- 
tion from  100°  at  70  lbs.  pressure  per  square  foot  of  heating  sur- 
face per  hour  was  1.97  lbs. 

On  this  test  the  heat-gauge  alone  was  in  use  for  two  periods  of 
15  minutes  each,  and  the  two  thermometers  showed  temper- 
atures which  were  practically  constant,  viz.,  341®  and  283°  re- 
spectively The  normal  reading  of  the  lower  thermometer  was 
287"".     From  these  figures  the  cooling  effect  of  the  moisture  was 
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287°  —  283"  =  4°;  and  this,  divided  by  the  proper  coefficient, 
gives  for  the  percentage  of  moisture  ^^r-g  =  0.19  of  one  per  cent. 


Test  No.  6  was  made  on  a  plant  of  eleven  horizontal  retam 
tubular  boilers,  which  were  used  mainly  for  supplying  steam  to  a 
700  H.P.  condensing  engine.  The  general  location  of  the  boil- 
ers and  the  arrangement  of  the  steam-piping  are  shown  in  Fig. 
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148.  Two  of  tbe  boilers  were  provided  with  a  steam  dome^ 
and  they  all  discharged  the  steam  into  a  drum,  which,  however," 
was  not  very  well  drained  on  the  end  where  the  steam  was  taken 
off.  On  this  test  simply  the  heat^auge  was  tised,  the  manner  of 
attachment  being  shown  in  the  sketoli.     The  full  set  of  observa- 


tions 13  given  in  Tal  le  No  5  The  average  of  all  the  readinga 
18  312°  for  the  upper  thermometer  aad  243°  for  the  lower  ther- 
mometer. The  normal  at  312°  may  be  taken  at  268",  The  cool- 
ing effect  of  the  moisture  is,  therefore,  268°  —  243°  =  25°,  which 


25 


The  extreme  range  of  the  indica- 


tions of  the  lower  thermometer  are  from  226°  for  the  minimum 
to  252°  for  the  maximum. 
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TABLE  No.  6. 
tulnt  of  eleven  horizoktal  beturn  tubular 


(Rg.  148). 


Time. 

Upper  Thermometer. 

Lower  Tbemoneter. 

9.55 

812 

285 

10.00 

812 

226 

10.05 

818 

240 

10.10 

812 

245 

10.12i 

812 

240 

10.15 

318 

241 

10.17^ 

812 

241 

10.20 

812 

242 

10.22i 

818 

241 

10.25 

818 

240 

10.271 

812 

241 

10.80 

812 

288 

10.82i 

818 

289 

10.85 

818 

245 

10.87i 

812 

248 

10.40 

812 

249 

10.42J* 

811 

248 

10.45 

814 

247 

10. 47^ 

815 

250 

10.50 

814 

252 

10. 52^ 

814 

249 

10.55 

814 

249 

10.67i 

814 

249 

11.00 

818 

248 

11.02i 

814 

246 

11.05 

814 

246 

11.07i 

809 

248 

11.10 

812 

289 

11. 12^ 

818 

288 

11.15 

818 

;289 

11. 17^ 

812 

240 

11.20 

811.6 

288 

11.22i 

812 

288 

11.25 

812 

229 

11.27i 

818 

284 

11.80 

818 

248 

11.821 

818 

244 

11.85 

812 

245 

11.87i 

818 

247 

11.40 

812 

247 

11.42i 

818 

247 

11.45 

812 

245 

11.47i 

812 

248 

11.50 

812 

242 

11.52i 

811 

248 

11.55 

811 

248 

Normal  

815 

271 

^k  ^    ^^  A    AAid  V^A     1       #V       (•••••••••• 

Average 

812 

248 

*  Betwe<}ii  10.42i  and  11.05  thermometen  interehangod. 
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TEST  NO.  7. 

No.  7  was  made  on  a  plant  of  two  horizontal  return  tnbn- 
lers,  and  in  this  case  the  complete  form  of  the  instniment 
3d.     The  plan  of  the  boilers  and  the  airangement  of  the 

Tig,  140. 


Colo 

shcoi  ta''diA, 

rnpierhere.    SoeSk 

Qh 

I 

I '! Jill 

lllllltlllillLlll 

piping,  together  with  the  location  of  the  calorimeter  and 
rm  of  instrument  used,  are  shown  in  Fig.  149.  The  full 
observations  is  given  in  Table  No.  6.  Considerable  inter- 
iclies  to  this  test  on  account  of  the  priming  of  one  of  the 
,  which  was  brought  about  by  design.  This  boiler  was  filled 
ater  to  nearly  the  top  of  the  glass,  and  the  bituminons  coal 


818 
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fire  was  barred  up,  the  damper  opened  wide,  and 
made  to  do  its  maximum  amount  of  work.  The  time 
occurred  was  2.05  P.M.,  and  shortly  afterward  the  quanti 
collecting  in  the  drip-box  began  to  increase,  and  for  the 
a  half  minutes  between  2.15  and  2.22^,  18.9  ounces  of  ^ 
withdrawn.  This  represents  9.28  lbs.  per  hour,  or  aboi 
moisture,  the  quantity  of  steam  used  being  estimated 
per  hour. 

Taking  the  ordinary  indications  of  the  instrument  dn 
minutes'  time  between  12.55  and  1.15  P.M.,  the  drip-box 
2.7  ounces,  or  0.51  of  a  pound  per  hour.  The  average 
the  upper  thermometer  was  304.9°  and  of  the  lower  th 
268.2°.  Comparing  these  observations  with  the  norma 
it  is  seen  that  there  was  but  a  trifling  indication  of  mo 

It  may  be  added  that  the  priming  was  found  to  be 
the  water  was  carried  too  high,  to  the  presence  of  vegi 
ter  in  the  water  and  to  too  infrequent  blowing  ofL 

TABLE  No.  6. 


TWO  HORIZONTAL  BETUBN  TUBULAR  B0ILEB8  (866  F\g.  149).      COl 

BIMETEB  IK  UBB. 


HeightofWater 

Time. 

Upper  Ther- 

Lower Ther- 

in Glass,  in 

Ben 

mometer. 

mometer. 

Sixteenths  of 

an  Inch. 

12.221 

306 

265 

8 

Practically 

12.25 

304.5 

267 

5 

drawn  ofE 

12.27i 

302 

267 

7  scaDt 

between 

12.30 

801 

267 

8  scant 

12.47i. 

12.82i 

808 

267 

10 

12.35 

805 

267 

13  + 

12.37i 

803 

268 

15  + 

12.40 

304 

268.5 

17  scant 

12.42i 

804 

268.5 

18  4- 

12.45 

303 

268 

20 

12.47i 

802 

267 

2  + 

Draw  off  f 
at  12.46, ! 

Avenge  normaU 
readings f 

808.6 

267.8 

( 0.80  lb.  per 
(      hour 

12.50 

302 

267 

4  + 

12.52i 

802 

267 

6  scant 

12.55 

808 

267 

8  + 

Engine  star 

12.57i 

803 

267 

11 

1.00 

803 

267 

14 

1.02i 

805 

268 

16  + 
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HoighlofWflW 

Time. 

^mmaMor' 

Lower  Ther- 

in  GlM6.  In 

Remajki. 

""  ""="■ 

1.05 

806 

268 

19 

l.OTi 

307 

208 

21  + 

1.10 

B07 

360 

24 

l.lSf 

306 

370 

7 

Draw  off   frum  drip-boi^ 

1.15 

804 

•ieo 

8  -1- 

al  1.11.  8.7  oancea. 

1.17* 

303 

266 

9  + 

1.20 

301 

288 

10  + 

■1.33* 

303 

367 

12  + 

1.S5 

303 

367 

14  + 

1.27* 

803 

S«7 

16  + 

1.30 

304 

267 

19 

1.83* 

804 

368 

33     . 

1.83 

304 

368 

23 

1.37* 

808 

268 

6.5 

Draw  off  rroi.i  ilrin-bM, 

1.*) 

SOI 

268 

6  + 

at  1.36,  3.7  uunces. 

1.43* 

300 

207 

8 

].*5 

393 

286 

10 

1.47* 

3B8 

266 

10  -f- 

1.50 

300 

365 

13 

WHter  being  pumped  to  a 

i.sa* 

303 

265 

16 

high  poiut. 

1.55 

304 

266 

19 

1.87* 

806 

267 

22 

2.00 

806.5 

368 

34 

Draw  off  from  driivbox. 

S.03* 

807 

auu 

8 

»  3.01,  3.7  ouncBB. 

2.05 

807 

270 

11 

At    a.Ofi  damper  of   one 

2.07* 

308 

370 

22  -f 

Iwilershut.    Fire  in  the 

2,10 

3(H1 

270 

39 

otlior  b»iler  burred  up 

2-13i 

308 

270 

12 

and   wnler    st   a  high 

3.15 

807 

£70 

14 

point. 

S-32* 

306 

255 

13 

Draw  i>a  from  drip-boi. 

a. 3.1 

308 

286 

15 

at  3.11.  3.7ouDceB. 

2.37* 

HIO 

270 

18  + 

Betireeii   2.15  and   2.23* 

a-30 

310 

270 

draw  of!  from  drfp-boi 

a.33j 

310 

370 

21   + 

18.9  ounces. 

3.:(5 

SOS 

271 

2.1 

At  3.36  height  of  water 

2.37* 

310  ■ 

271 

7 

in  the  active  biiiler  had 

3.43* 

301 

268 

8 

fflllen  4  in«he.-. 

2.45 

298 

267 

8  + 

Draw  off  from  drlp-boi, 

3.47* 

309 

366 

10 

at  2.36,  2.7  ounces.    At 

a.M 

301 

206 

13 

3.42*  dainpera  of  both 

2-53* 

303 

207 

17 

3.^ 

308 

366 

31 

3.57* 

810 

269 

38 

8.00 

813 

370 

34  4- 

TEST   NO.  O. 

Dtlerminiilhn  of  the  Coi'fficieni  <ind  Test  of  the  Accuracy  of  the  Heat-gauge. 

The  series  of  experiments  wLieh  the  author  has  made  to  deter* 
liue  the  proper  coefticient  to  be  used  in  estimating  the  percent- 
ge  of  moisture  from  t}ie  readings  of  the  thermometers  in  the 
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beat-gauge  Lave  not,  as  already  stated,  been  made  sufficiently^ 
complete  tborougbly  to  settle  the  quantities  for  all  conditions;' 
but,  so  far  as  they  have  been  completed,  they  are  believed  to  be 
reliable,  and  applicable  to  this  form  of  instrument,  within  the 
range  of  operations  chosen.  The  idea  which  has  been  worked 
out  was  to  conduct  the  steam  to  the  calorimeter  through  a  certain 
amount  of  piping  which,  by  the  loss  of  beat  due  to  radiation, 
would  produce  a  certain  constant  rate  of  moisture.  This  was  first 
drawn  off  from  the  drip- box,  and  its  quantity  determined.  It  was 
then  conducted  into  the  beat-gauj^e,  and  the  effect  of  tbie  upoa 
the  thermometers  was  observed. 

Tbe  apparatus  used  is  shown  in  Fig.  150.  The  drip-box  is 
represented  at  E  and  the  lieat-gauge  at  F,  and  the  two  valves 
G  and  H  were  provided,  the  former  to  draw  bff  tbe  moisture  from 
tbe  drip-box,  and  the  latter  to  carry  the  moisture  into  the  heat- 
gauge.  Following  back  to  the  right-hand  end  of  the  figure,  the 
steam  is  taken  first  from  a  horizontal  2-itich  pipe,  which  was 
supplying,  during  most  of  tbe  experiments,  an  engine,  and  during 
the  remaining  ones  it  carried  off  a  sufficient  quantity  of  steam  to 
produce  a  proper  circulation.  It  dropped  vertically  through  a 
|-incb  pipe  into  a  well,  from  the  bottom  of  which  an  open  pet- 
cock  discharged  any  water  of  condensation  carried  along  with  the 
steam.  This  well  was  made  of  1^-inch  pipe  ;  from  the  top  of  the 
well  a  1-incb  pipe,  8  feet  long,  inclined  so  as  to  drop  14  inches, 
can-ied  the  steam  to  a  J-inch  pipe  at  tbe  left,  wbicb,  in  turn, 
supplied  the  top  of  the  drip-box  ;  tbe  bottom  of  the  drip-box  was 
provided  with  the  glass  attachment  shown,  which  is  a  slightly  dif- 
ferent arrangement  from  that  sliown  in  the  drawing  at  the  opening 
of  the  paper,  although  it  answers  the  same  purpose.  The  lower  end 
was  connected,  through  a  series  of  tees,  valves,  and  unions,  to  the 
entrance  of  tbe  beat-gauge  F.  From  the  top  of  the  drip-box  a 
J-inch  pipe  was  carried  to  the  beat-gauge,  being  joined  at  an 
intermediate  point  between  tbe  valve  II  STid  the  upper  thermom- 
eter. The  drip-box  proper  was  made  of  Ij-inch  pipe,  and 
the  various  sizes  of  fittings  used  and  the  dimensions  are  indi- 
cated in  the  sketch.  On  leaving  tbe  lieat-gauge  tbe  steam  was 
conducted  through  a  rubber  tube  into  a  coil  of  iron  pipe  placed 
in  a  barrel,  and  the  outlet  of  the  coil  dischai^ed  through  the  side 
of  tbe  barrel  to  the  atmosphere.  A  current  of  cold  water  was 
passed  through  the  barrel,  around  tbe  coil,  and  emptied  to  waste. 
Attached  to  the  vent  of  tbe  drip-box  was  a  coil  of  j-incb  pipe, 
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vbicli  was  covered  with  wet  cottoo-waate,  the  object  of  which  was 
to  keep  the  heated  water  which  was  dischaiged  through  the  valve 
from  re-evaporating.  The  apparatua  was  all  thorougldy  covered 
with  hair  felting,  and  on'  one  series  of  tests  the  whole  of  the  pipe 
A  B  was  covered,  while  on  another  serieB  the  part  marked  A  was 
covered  «nd  the  part  marked  B  was  bare.  The  felting  was  three-  J 
quarters  of  an  inch  thick.  I 

The  method  ot  carrying  on  the  test  was  to  first  allow  the  moist- 
ure wliich  entered  the  drip-box  to  escape  from  the  valve  G  di- 
rectly into  the  atmosphere,  the  valve  H  being  shut.  The  level  of 
the  water  waa  maintained  at  a  fixed  point  in  the  glaes ;  readings 
of  the  two  thermometers  were  taken  every  two  or  two  and  a  half 
minutes,  and  the  quantity  of  water  drawn  off  at  G,  as  also  that 
which  was  discharged  through  the  condensing  coit,  was  measured 
every  five  or  six  minutes.  The  test  was  usually  continued  for 
about  one  hour's  time ;  some  of  the  tests,  however,  being  of  30 
minutes'  duration.  The  first  test  having  been  completed,  the 
valve  G  was  shut  and  the  valve  H  opened,  and  the  test  was  con- 
tinued with  no  other  change  of  couditions.  The  opening  of  the 
valve  H  was  regulated  so  as  to  keep  the  height  of  water  in  the 
glass  at  the  same  point  as  on  the  preceding  test. 

The  average  results  of  the  various  testa  which  have  thus  far 
been  made  are  given  in  the  appended  Table  No.  7,  following 
which  is  a  table  giving  the  full  series  of  observations  for  a  single 
set  of  tests  made  on  March  9th. 

The  method  of  computing  the  specific  heat  from  the  results  of 
the  experiments  is  as  follows :  Suppose,  for  the  sake  of  clearness, 
that  the  steam  has  a  temperature  of  312'^  by  the  upper  thermom- 
eter, the  total  heat  of  which,  if  dry,  is  1,209.1  thermal  units ;  sup- 
pose, also,  that  the  normal  by  the  lower  thermometer  for  this 
temperature,  for  absolutely  dry  steam  passing  by  the  upper  ther- 
mometer, is  283^.  Let  C  represent  the  actual  proportion  of  moist- 
ure entering  the  heat-gauge,  and  i  the  specific  heat  of  the  super- 
heated steam  which  is  to  be  found.  We  have  now,  for  the  total 
heat  of  the  steam  entering  the  heat-gauge,  1,209.1  —  (C  x  894.2), 
the  quantity  894.2  being  the  latent  heat  of  steam  of  this  tempera- 
ture. Suppose  now,  for  simplicity,  that  the  steam  issuing  from 
the  heat-gauge  is  at  a  pressure  of  the  atmosphere,  and  that  T 
represents  the  actual  temperature  of  the  issuing  steam,  as  shown 
by  the  lower  thermometer;  then  the  total  heat  of  this  issuing 
ateam is  given  by  the  expression,  1,178.5  -^k{T  —  212).  Aasuming 
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DO  loss  by  radiation,  these  two  qnantities  are  equal ;  in  othsr 
words,  1,209.1  -  {G  y  894.2)  =  1,178.5  +  k  {T -  212).    We  may 
substitute  for  1,209.1  its  equivalent— tliat  is,  1,178.5  +  k  (283  -   I 
212)-^and  we  shall  then  have  the  followiug  equation:   1,178.5  -|- 

k  (283  -  212)  -  (C X  894.2)  =  1,178.6  +  k  {T-  212).     Keducing   I 
and  transposing,  k  (283  —  J^  =  O  x  894.2 ;  from  which  we  have   ' 

the  equation,  k  =  -^-^ ^.     This  equation  is  true  for  any  other 

percentage  of  moisture,  c,  and  its  corresponding  temperature  by 
the  lower  thermometer,  t;  so  tliat,  to  apply  the  equation  to  the 
exact  ease  under  consideration,  the  specific  heat  would  be  found 


from  the  final  equation,  k 


(C-c)  894.2      ™  ,.,     .     ., 
~ .     The  quantity  in  the 


parentheses,  (7  ~  c,  is  the  proportion  of  moisture  corresponding  to 
the  water,  which  on  one  experiment  is  di-awn  off  from  the  drip-box 
and  on  the  other  experiment  carried  through  the  heat-gauge.  To 
show  the  method  of  computation,  take  the  first  set  of  experiments 
made  December  12th :  The  first  espeiTment  shows  that  the 
quantity  of  water  drawn  off  from  the  drip-box  is  0.644  lb.  per 
hour.  It  is  presumed  that  this  quantity  represents  the  moisture 
going  into  the  heat-gauge  on  the  second  test,  when  the  total 
quantity  of  steam  and  moisture  passing  into  the  heat-gauge,  as 
shown  by  the  condensing  coil,  was  53.89  lbs.  per  hour.     The  pro- 


53.8 


^  0.0119 ;   this,    multiplied   by   894, 

which  is  the  latent  heat  corresponding  to  312.2°  by  the  upper 
thermometer,  gives  10.64.  The  diflference  in  the  readings  of  the 
lower  thermometers  on  the  two  testa  is  265.4°  —  239.6°  =  25.8°. 
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TABLE  No,  eft. 
Te»t  0/ March  9,  1890. 


dniwn  IroDi  Condanaer, 

Ttoe. 

CppofThErmomftur, 
d«a. 

dcg. 

316 

233 

22o 

11.06 

3U.5 

11.08 

314 

5-9. a 

11.10 

314 

314 

334 

11.14 

813.5 

235 

(^-8.25 

11.16 

813.5 

22-i 

11.18 

813.5 

224.5 

11.20 

314 

814 

SS3 

11. M 

814 

aai5 

ii.se 

814 

234 

6-8.6 

814 

224 

314 

224.5 

11.32 

814 

324 

5-9.3 

Avenge.. 

814.1 

228.9 

Wetght  or  Bucket 

Time. 

l.p,.,Th.„... 

*1«,  deg. 

osri-irrc-^rSo. 

drawn  A  from 
DrIp-boI.lbB. 

12.03 

314,5 

267 

16.55 

13.04 

314  + 

267  + 

13.08 

314  + 

267  + 

12, 0» 

314  + 

267  + 

5-8.5 

18.75,  low. 

13.10 

314 

267  + 

313.5 

387 

13.14 

314 

S67 

5-5.8 

30.8,  high. 

la.  16 

314.5 

308.5 

13.16 

814.6 

;;67 

314. S 

367 

5-8.75 

12.23 

3U.5 

287  + 

13.24 

314 

307  + 

12.26 

314 

267  + 

5-7 

25.35 

314 

267  + 

13,30 

314 

267  + 

13.33 

313-r> 

207 

6  6 

27.35 

Average  . . 

314.1 

267.3 
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It  may  be  added  here  that  the  quantities  of  specific  heat  given 
in  the  table  are  corrected  for  the  slight  differences  in  some  of  the 
readings  of  the  upper  thermometer  on  the  two  tests  of  a  series. 

mSCDSSlON. 

3fr.  D.  W.  Hobb. — I  have  used  the  Barms  calorimeter  quite 
extensively  in  testing  stationary  boilers  for  about  two  years, 
and  although  I  have  not  tested  its  accuracy,  escept  in  the  way 
of  testing  the  thermometers,  and  such  tests  as  cau  be  made  by 
the  instrument  itself,  such  as  testing  the  boiler  while  not  doing 
work — from  such  tests  and  other  facts  which  I  will  refer  to,  I 
believe  it  to  give  correct  indications  of  the  moisture  in  the 
steam  when  careful  and  frequent  readings  are  taken.  In  one 
test  which  I  made,  a  boiler  which  gave  practically  dry  steam 
under  ordinary  conditions  lifted  water  when  a  steam-hammer 
was  started,  and  I  was  surprised  to  find  how  qnickly  the  calo- 
rimeter responded  to  the  wet  steam,  the  lower  thermometer  run- 
ning down  almost  instantly  from  the  normal  indication  due  to 
dry  steam  to  sometimes  about  212°.  This  might  indicate  a  pos- 
sible error  in  the  calorimeter,  under  certain  circumstances,  when 
the  wire-drawing  portion  of  the  instrument  alone  is  used,  such 
conditions  as  a  locomotive  or  other  boiler  presents  under  sudden 
fluctuations  of  work,  and  suggested  to  my  mind  the  use  of  thin 
copper  or  some  other  metal  which  would  absorb  and  give  ofi'  heat 
readily  for  the  parts  of  the  calorimeter.  But  so  far  as  my 
knowledge  and  experience  go,  I  do  not  believe  there  is  any  in- 
strument or  method  for  determining  the  quality  of  steam  which 
will  work  as  accurately  as  a  calorimeter  constructed  on  this 
principle,  if  frequent  and  careful  readings  are  taken. 

Mr.  D.  L.  Barnes.— I  would  like  to  asK  Mr.  Barrus  his  expe- 
rience with  that  calorimeter  on  locomotives. 

Mr.  B<i7TV8. — I  have  used  the  calorimeter,  or  what  I  call  the 
heat-gauge  part  of  the  instrument,  on  some  locomotive  tests 
which  I  have  been  making  during  the  past  month.  I  attached 
the  instrnment  to  the  steam-pipe  just  before  it  enters  the  cylin- 
der on  one  side,  and  I  found  that  on  two  different  locomotives, 
on  a  continuous  test  of  some  three  hours'  duration,  readings 
being  taken  every  two  or  three  minutes,  the  indication  of  the 
lower  thermometer  never  went  down  below  250^,  and  that  is  a 
pretty  certain  indication  that  the  percentage  of  moisture,  if 
■  there  was  any  there,  was  very  small. 
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'.  H.  W,  Spangler. — I  think  tlie  mechanical  engineers  who 
ests  of  boilers  are  considerably  indebted  to  Mr.  B&rrus 
I  long  and  conscientious  work  which  he  has  done  on  this 
t  of  the  calorimeter.  A  few  years  ago  a  barrel,  a  piece  of 
md  a  thermometer  were  all  which  was  thought  necessary 
ill  this  work.  Ent  one  who  carries  on  a  continuous  set 
irimeuts  with  tLe  old  apparatus,  even  after  he  reaches 
erable  skill  in  the  use  of  it,  gets  some  very  unsatisfactory 
.  So,  of  coarse,  he  hunts  around  to  find  what  is  the 
sst  thing.  For  a  number  of  years  we  have  had  various 
of  calorimeters.  If  we  look  through  our  Transactions  we 
3  very  clearly  the  course  of  work  which  Mr.  Barrus  has 
X  perfecting  the  calorimeter  to  its  present  condition.  The 
'm  which  we  had  from  him  was,  I  think,  an  entirely  satis- 
■  one,  where  it  could  be  applied.  This  one  seems  to  me 
he  bill  completely.  Determining  the  moisture  in  steam  is 
the  very  important  things  which  we  should  get  as  near 
s  we  can,  and  I  think  Mr.  Barms  has  put  into  our  hands 
.tmment  which  we  can  use  with  comparatively  little 
!,  and  from  which  we  can  get  very  satisfactory  results. 
Barrus. — I  do  not  think  there  is  anything  more  to  be 
I  would  like  to  thank  ProfesKor  Spani,der  for  what  he 
d  in  such  complimentary  terms,  and  all  I  have  to  say  is 
e  instrument  is  very  handy  and  simple.  It  is  easy  to  be 
I,  and  I  think,  as  its  name  implies,  it  is  an  instrument 
can  be  used  universally. 


J 
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CCCLXXXVIII. 

MEMORANDA   REGARDING  THE  INDICATING  OF  Z 
ENGINE  OF  THE  STEAMER  "  CITY  OF  RICHMOSD. 

BT  GEO.  H.   BARBU8,  BOSTON,  MA88. 

(Member  of  the  Society.) 

Through  the  solicitation  of  Mr.  Ernest  N.  Wright,  of  New  Y^ort, 
Mr.  Hennessey,  General  Manager  of  the  Inman  &  Intemati«j3D«I 
Steamship  Co.  (Ltd.),  gave  the  writer  a  letter  of  introductioKr:^  to 
Mr.  George  Clarke,  Assistant  Superintending  Engineer  of       tbe 
Inman  &  International  Steamship  Co.  at  Jersey  City,  and      tliii 
latter  gentleman  gave  every  facility  for  the  desired  work.      TLe 
tests  were  made  during  the  voyage  of  the  engineers  in  June,  1^S89| 
between  New  York  and  Liverpool. 

Though  it  was  a  somewhat  novel  experience  to  me  to  indicate  a 
marine  engine  at  sea,  there  is  not  much  to  be  said  as  to  the  manipu. 
lation  of  the  indicators  which  will  be  of  general  interest    ^  a 


Fig.  151. 

matter  of  record,  however,  it  may  be  interesting  to  give  copies  of 
the  diagrams  which  were  obtained,  and  some  brief  statements  as 
to  the  horse-power,  consumption  of  coal,  etc.,  of  the  steamer's 
engines.  It  ought  to  be  said,  at  the  outset,  that  the  GUy  of  Rich' 
moiurs  motive  ])ower  had  long  been  in  service,  and  the  conditions 
were  not  such  as  to  secure  the  results  which  at  the  present  time, 
on  a  better  class  of  engines,  are  generally  obtained. 
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eengineisft  componnd  vertical  eng;ine,  having  one  Ijigli-presa- 
^linder  68  iocIieB  in  diameter,  and  one  low-preeBure  cylinder 
inches  in  diameter,  both  havinj^  a  stroke  of  5  feet.  T!ie  cjlin- 
ire  steam -jacketed,  but  the  jaeketa  were  out  of  nsc.  A  sample 
e  diagrams  taken  is  given  in  Figs.  151  and  152,  the  scale 
!  high-pressure  cards  being  40  and  of  the  low-pressure  cards 


Fio,  152. 
1  followiiii;  tablc.gives  some  of  the  (iata  r 


ng  tJie  per- 


78 
TO 
120 

i:(4 

S4 

80.31 
8.(W 

58 
1,702.1 
1.488,6 
3,230.7 

deg. 

an  efffciive  pressure  from  diSKrains,  H.  P.  Cylindei 
no  effective  pressure  from  dingraniH,  L.  P.  Cylinder 

M.  E.  P. 

Icated  hor3i=-power  developed  by  H.  P.  Cylinder... 
icured  liorse-power  developed  by  L.  P.  Cylinder,. . . 
icaled  horfip-power  developed  by  bolh  Cjiiuders.. . . 

I.  H.  P. 

^m^umpUnn  of  cosJ  rIvcd  menu  90  to  100  tons  Id  34  hours.  Taking  the 
■  Bgure,  the  average  consumption  per  bour  per  indicated  horse-power 
»  about  2.6  lbs. 

a  letter  received  by  the  writer  from  Mr.  Clarke  since,  the 
was  put  in  print,  attention  is  called  to  the  fact  that  tliis 
i  was  built  by  Messrs.  Todd  &  McGregor,  of  Glasgow,  Scot- 
iiid  it  ie  one  of  the  first  large  compound  engines  ever  con- 
;d.  Mr.  Clarke  states  that  the  data  here  given  stand  at  a 
antage  compared  with  the  records  of  October,  1888,  when 
gine  developed  4,198  li.P.,  at  a  speed  of  56  revolutions  per 
3;  the  consumption  of  coal  at  this  time  being  112  tons  per 
r  about  2.4  lbs.  per  I.II.P.  per  hour. 
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CCCLXXXIS. 
TEST   OF  A    REFRIOERATJNO   PLAXT. 


(Member  of  the  Society.)! 

The  substance  uf  the  following  paper  was  inclnJi'd  in  ihe  discna- 
sion  of  one  rend  by  Professor  Denton  at  the  Erie  meeting  of  this 
Society,  on  The  Performance  of  u,  35-7bn  Refrigerating  PlanL,  but 
the  prepared  discussion  was  lost  in  the  mail. 

The  case  was  of  especial  interest  to  the  writer,  as  it  fumishod 
the  only  data  with  which  I  am  acqnainted  for  tlie  application  of 
the  formulas  which  were  developed  by  niyself  in  the  paper  on 
Soiue  Properties  of  Ammonia,  published  in  Vol.  X.,  pp.  G27-647, 
of  the  Transactiims  of  this  Society, 

TIjg  test  was  made  by  Robert  M.  Anderson  and  0.  H.  Paije,  Jr., 
upon  a  nominal  110-ton  DeLa  Vergne  refrigevating  plant  in  Ballan- 
tine's  brewery,  Newark,  N.  J.,  lu  April,  1887,  while  they  were  senior 
students  in  Stevens  Institute.  At  that  time  they  had  no  reliable 
formulas  for  reducing  that  part  of  the  data  involring  the  propertiea 
of  ammonia.  Some  of  the  results  deduced  by  the  nse  of  my  for- 
mulas are  given  in  the  third  edition  of  my  Tliermo-Dynamics,  but 
the  process  by  which  they  were  obtaiued  is  not  explained,  for  it 
was  supposed  that  they  would  appear  in  the  discussion  above 
referred  to.  The  test  was  conducted  with  all  the  care  and  exact- 
ness possible  under  the  peculiar  circumstances  under  which  it 
was  made.  The  thermometers,  gauges,  and  indicators  were  stand- 
ardized at  Ihe  itistitute. 

The  plant  consisted  of  two  boilers,  an  ammonia  compressor 
consisting  of  two  single-acting  upright  cylinders  driven  by  a 
double-acting  horizontal  Corliss  engine,  fresh-water  pumps,  hoists, 
and  electric  dynamos;  and  in  order  that  the  test  should  involve 
only  the  refrigerating  plant,  it  was  made  on  a  day  when  all  the 
other  machinery  was  not  used,  and  only  one  of  ihe  boilera  was 
fired.  No  brine  was  used,  but  the  liquid  ammonia  and  the  am- 
monia vapor  were  circulated  through  the  cooled  cellar?.    The  gen- 
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rTE 
^ral  arrangement  of  the  parts  is  sliown  in  elevation  in  Fig.  153. 
A  quMitity  of  oil  is  pnniped  info  each  of  the  compressor  cylinders 
each  stroke  in  Biifficient  quantity  to  more  than  fill  the  clearance 
spaces,  a  part  of  which  passed  out  of  the  compressor  with  the 
''Wmonia,  and  afterward  separated  fi-ora  the  former  in  a"8ep- 
'^rator."  and  the  remainder  leaked  through  the  stuffing  and  ran 
'  ovvn  the  piston-rod.  The  volume  of  ammonia  per  stroke  was 
'^'^aidered  as  equal  to  the  piston  displacement  less  the  volume  of 
*•  forced  into  the  cylinder,  although,  on  account  of  the  leaking  of 
^^  oil,  the  volume  of  ammonia  somewhat  exceeded  this  amount. 


I 


The  temperature  of  the  ammonia  gas  in  the  pipes  was  deter- 
mined by  inserting  the  bulb  of  a  thermometer  in  a  pouch  filled 
with  mercury,  wiiicli  latter  was  bound  against  the  pipe  on  the 
outside.  The  correction  to  be  made  to  the  readings  was  deter- 
mined by  an  experiment  in  the  laboratory,  in  which  tho  thermom- 
eter w;is  placed  as  nearly  as  possible  in  the  same  condition  as  in 
the  test,  the  heated  fiuid  passing  througli  the  pipe  being  water 
whose  temperature  was  measured  directly.  The  maximum  difiFer- 
ence  between  the  readings  of  tlie  outside  and  inside  thermometer 
was  about  2^  Fahr.  Professor  Miiyer,  according  to  experiments 
since  made  at  the  institute,  gives  it  as  his  opinion  that  if  the  mer- 
cury hiid  been  in  contact  with  the  pipe,  and  the  pipe  well  covered 
by  felt  for  a  foot  or  two  each  side  of  the  place  of  the  thermometer, 
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the  i-eading  of  the  tbetmometer  would  have  been  the  temperatare  I 
of  the  ammonia  in  the  pipe — in  which  case  no  correction  would  J 
bavo  betin  needed.  The  plant  when  tested  was  in  its  ordinaiy  T 
everyday  working  condition,  and  there  was  no  "  coaching  "  from  I 

the  manufacturers  or  others. 


WEIGHT   OF   AMMONIA. 

In  order  to  determine  the  weight  of  ammonia  passing  through 
the  compressors,  it  will  be  necessarj  to  determinB  the  probable 
mean  feniperature  of  the  gas  when  the  cylinder  is  full  and  the 
valve  closed. 

The  temperature  of  the  gas  entering  the  compressor  was 
57,7^  Fahr.,  mean  value,  and  it  was  compressed  to  a  temperature 
of  11C.I°  Fahr.,  mean  value.  When  the  piston  is  at  the  upper  eud 
of  the  stroke  the  cylinder  below  it  will  be  full  of  the  gas,  which  en- 
tered at  57,7°  Fahr. ;  but  the  up|>er  end  of  the  cylinder,  being  hot- 
ter than  the  lower,  and  being  about  1 16''  Fahr.,  the  temperature  of 
the  uj)per  portion  of  the  gas  will  exceed  58°  Fahr.,  and  may  be 
nearly  116°  Fahr.  The  piston  also  being  lieated  will,  as  it  de- 
scends, impart  heat  to  the  gas,  the  piston  becoming  cooler  in  its 
descent  and  the  gas  at  the  lower  end  being  heated.  If  the  tem- 
perature of  the  walls  of  the  cylinder  followed  the  exponential  law 
of  compression,  and  if  the  temperature  of  the  gas  were  the  same 
as  that  of  the  cylinder  at  the  same  heights  in  the  stroke,  the  mean 
temperature  would  be  easily  found.     "We  would  have 


<S)" 


i  the  valve  opened  at  three-fourths  the  stroke,  wfi  have 
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=  g^ 


hence,  mean  temperatui'e  = 

[/.',' """  *  *'•■-■■]  ^ "'  =  o:fe  [>  -  (i)"]+ i"=«^-^*r. 

nearly. 

It  is  certain,  however,  tliat  the  average  temperature  will  exceed 
luis;  it  will  be  nearer  the  higher  temperature  than   ihe  lower. 
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it  cannot  be  determined  it  will  be  necessary  to  assome  a 
and  we  will  take  lOo'  Fabr.  This  will  be  47°  Fahr. 
the   temperature   of  admieaion,  siid   only  11°  Fahr.  less 

he  biRhest  temi>eratiire.     The  pressure  of  the  gas  entering 

linder  was  28.88  lbs,,   and  the   pressure   in   the   coila   is 

ed  to  be  the  some. 

n  the  equation  of  the  gas  {Transactions,  Vol.  X,,  p.  640), 

£1=  91  _  16920 


rhich  we  find 

V  =  12.00  cubio  feet, 

is  the  Toluine  of  one  pound. 

test  lasted  11  hours  and  30  minutes,  diuing  which  time  the 

e  piston  dispincemeut  was  20,177.7  eubic  feet  per  hour, 

le  volume  of  the  sealing  oil  icas  143.7  cubic  feet,  leaving 

cubic  feet  filled  with  the  gaa,  so  that  the  ammonia  evapo- 

was 

20,034  ~  12.00  =  1C69.5  lbs.  per  Lour. 


liquid  ammonia  entered  the  cellars  at  the  teiuperature  of 
'abr. ;  but,  after  passing  the  expansion  valves,  the  pressure 
28.88  lbs.,  absolute,  tlie  corresponding  temperature  being, 
ing  to  Eegnault's  experiments,  —2°  Fahr.,  as  found  from 
mula  {Transactions,  Vol.  X.,  p.  632) 

Com.  log.  p  =  6.2495  -  ^^, 

ih  T  18  the  absolute  temperature  and  equals  461  +  T,  where 
le  temperature  in  degrees  Fahrenheit.  Hence  the  fall  of 
■ature  was  69.4°  Fnbr.,  during  which  operation  heat  was 
ed  to  the  cellars  by  the  ammonia,  the  amount  being 

G^.4  X  1.08  =74.05  thermal  unite. 

factor  1.03  is  the  specific  heat  of  the  liquid  ammonia  at  the 
■ature  -2°  Fahr.  {Transactions,  Vol.  X.,  p.  645). 
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The  liquid  passed  along  the  coils,  absorbing  heat  from  the  cel- 
lars until  it  was  evaporated  at  the  temperature  —2°  Falir.,  after 
which  the  temperature  of  the  vapor  was  increased  to  35.9°  Fahr. 
as  it  left  the  cellar.  The  latent  heat  of  ammonia  at  —2^  Fahr.  is 
{Transactions^  Vol.  X.,  p.  640) 

5065.7/^,        16920\ 


=  592.52(1 -l?!^^) 


=  565.6  thermal  units. 

The  specific  heat  of  ammonia  gas  being  0.50836  {Relation  des 
Experiences^  II.,  p.  162),  the  heat  absorbed  in  raising  the  temper- 
ature of  the  vapor  37.9°  Fahr.  will  be 

37.9  X  0.50836  =  19.27  thermal  units. 

The  heat  removed  from  the  cold  room  per  pound  of  ammonia 
pumped  will  be 

565.6  +  19.27  -  74.95  =  509.92  thermal  units ; 

and  for  the  1,669.5  lbs.  compressed  per  hour,  it  will  be 

509.92  X  1669.5  =  851311  thermal  units. 

The  latent  heat  of  fusion  of  ice  is  144  tliermal  units  {Phil, 
Mag,y  1871,  XLI.,  p.  182) ;  but  as  it  is  customary  to  use  142  in 
these  investigations,  we  wall  use  the  same  number.  This  gives  for 
the  *'  ice-melting  capacity  " 


851311  -h  142  =  5995  lbs.  per  hour, 

or  71.94  tons  of  2,000  lbs.  each  per  24  hours.  The  average  indi- 
cated horse-power  of  the  gngine  was  91.13  lbs.,  so  that  the  "ice- 
melting  capacity  "  was 

5595  -f-  91.13  =  65.79  lbs.  per  hour  per  I.H.P. 

If  30  lbs.  of  steam  were  used  per  indicated  horse-power  per 
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the  "ice-melting  capacity"  was  2.19  lbs.  per  pound  of  steam, 
if  3  lbs.  of  coal  developed  an  indieatud  liorse-power,  then 
ice-meltiiDg  capacity"  referred  to  coal  was  21.93  lbs.  pet 
1  of coaL 

BOILEIia. 

!  plant  contained  two  boilers,  but  during  tbe  test  one  was 
I  off  and  the  fires  under  it  thoroughly  banked  ;  aud  as  the 
Tere  connected,  the  empty  one  served  as  a  reservoir  for 
.  If  any  heat  was  absorbed  from  the  banked  fire— or  if 
!ieat  waathns  absorbed  than  was  radiated  from  this  boiler — 
not  known,  and  no  account  was  taken  of  it.  The  efficiency 
I  boiler  was  so  higli  on  the  first  trial  that  it  was  considered 
.ble  to  test  it  again,  which  was  done  just  a  week  after  the 
f  the  plant  'above  described.  -  This  test  was  for  I2  hours. 
Dgine  was  tested  with  the  boiler  the  second  time,  but  not 
jmpressors  uor  the  ammonia.  This  test  showed  that  the 
)  and  feed-pump  consumed  3.60  lbs.  of  Lehigh  coal  per 
.  per  hour,  when  the  average  horae-power  was  105,92,  If 
ime  rate  of  coal  consumption  existed  during  the  first  triul 
the  average  horse-power  was  91.13,  tlien  the  "ice-melting 
ty  "  per  pound  of  coal  cousumed  was 
65.79  ~  3.6  =  18.27  lbs. 

1  as  one  pound  of  coal  evaporated  9.6  lbs.  of  water  at 
.  pressure,  the  "ice-meltiDg  capacity"  per  10  lbs.  of  steam 
cated  was 

10  X  18.27  -J-  9.341  =  19.01  lbs. 
le  feed-water  bo  ISO"  Fahr.  and  evaporation  reduced  to  what 
lid  be  at  45  lbs.  pressure,  the  "ice-melting  capacity  " 
be  19.88  per  10  lbs.  steam,  provided  3.6  lbs.  of  coal  would 
;e  an  indicated  horse-power  at  this  pressure, 
h  our  present  knowledge  of  the  properties  of  ammonia,  the 
icy  of  a  plant  circulating  ammonia  in  the  cold  room  cannot 
tcrmined  as  accurately  as  one  circulating  brine.  "When 
s  used,  the  quantity  circulated  can  be  directly  measured  and 
cific  heat  directly  determined ;  while  in  the  use  of  ammonia 
-hese  elements  are  computed,  and  are  subject  both  to  the 
involved  in  the  liypothesis  in  the  theory  and  the  errors  of 
ation  iu  determining  the  elements  used.  These  errors 
jnspire  to  make  the  results  either  too  large  or  too  small. 
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wiihoiit  anj  indication  as  to  the  directiou  in  which  the  enor  may 
exist;  or  they  may  tend  to  connteraet  encli  other.  On  the  gen- 
eral principle  that  with  every  transfer  of  energy  some  energy  is 
lost,  it  may  ho  claimed  that  a  plaut  circulatiDg  ammonia  in  the 
cold  room  will  he  more  efficient  than  if  it  circulated  brine,  the 
latter  receiving  its  heat  from  the  same  ammonia ;  but  this  also  is 
theoretical,  acd  in  practice  involves  other  cousiderationp.  We 
only  assert  that  the  amount  of  refrigeration  of  a  plant  circulating 
a  brine  can  be  more  dnjinitelt/  meaaiind. 

It  is  not  advisable,  except  in  cases  of  necessity,  to  combine  twi 
tests  in  one  determination,  nitbough  it  is  preferable  to  arbitral^ 
assumptions  of  coal  or  steam  used  per  horse-power  per  hour;  but 
any  objection  to  so  combining  them  in  this  case  will  be  removed 
by  discarding  the  boiler  test  and  all  considerations  of  fuel  and 
steam,  and  terminalinj;  the*  investigation  witli  the  "ice-melting 
capacity"  per  indicated  horse-power  per  hour,  which  is  found  to 
be  65.79  lbs. 

The  result  fell  short  of  the  rated  capacity,  partly  because  the 
required  speed  was  not  secured. 

The  following  is  a  summaiy  of  the  observed  and  computed 
quantities : 

FSBX,    FnBNlCE,    AND  BOII:ERB. 

The  lioIlerB  vera  double  return  flue,  arranged  to  run,  autamatically.  between 
60  Iba.  and  TO  lbs.  preasure  (reage). 
Teat  May  2Sd.  1887.  12  honra: 
Fuel,  Ijeliigli  nut  (antbriidte),  beat  of  combustinD.  from 

chemical  analysis,  B.T.U l?3?fl,6 

Coal  torlSLourB,  Ibi" 4122. 

Wood  for  start] ngSTTlbB.  0.4  coal  equivalent,  lbs 1508 

Coal,  total  equivalent,  Iba 45T3  8 

Unbof  nt  coal,  lbs 125. 

Coal  consumed,  lbs 4447.8 

Combuatible,  tolal,  lbs 3=77.8 

Coal  burned  per  hour,  lbs 870.65 

Heat  in  360.85  Ibp.  of  ami,  360.65  k  13329.6,  B.T.U....  4532001. 

Coal  per  liotse-power  per  hour g.OOlS 

Furnace,  grate  area,  sq.  ft 39. 

Raiioof  heating  surface  to  grate  surface 35,63 

Boilers,  heating  eurface.  sq.  ft 1380, 

Water  fed  per  hour,  lbs 8559.7 

Evaporation  per  lb.  coal  Bred,  lbs Q.34I 

"      from  and  at21S' B.B07 

"             ■'        "     conantned 9.60] 

"               "         ■'            ■•        from  and  at  312' 10.226 

"               "        comliUHtible,  from  aud  at  212° 13.703 
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ge  g^oge  presaore,  Iba 66. 

lemtan  of  fire-room,  deg.  Fahr 81. 

ige  temperature  of  flue  boiler,  deg.  Fahr 319.33 

"         "  fepd-wnter    "    •■ 180.8 

hut  in  S60e.71bB.  Btoara  ibove  180.3'  Fahr.,  B.T.U.  36S1-1S3. 

sncy  of  furnace  and  boiler,  per  cent..  ^^'^^^300   _  g^^ 

ENGISG   (CoiUilBS). 

Mayetli,  1887.  llihouM.    Second  test  May  6ib,  1897. 

diameter  of,  Incbes Sj. 

stroke      "       "     88. 

Bpeed  per  minute,  mean,  ft t91.9S8 

ions  per  mlnnte,  arerage,  firat  test 31.730 

■  Indicated  horge-power.  first  test 91.13 

"            "           "       second  test 103.93 

nnsanied  per  l.H.P.  per  hour,  lbs.,  second  teat  . . .  31.104 

ieiI.H.P.  perlionr,  lbs.,  second  test 25.79 

ODdensed  in  the  engine,  per  cent 24.35 

I  ratio  of  eipanslon 5,807 

»nEaiuption  by  ibe  feed  pamp  per  bonr,  lbs.  Resil- 
ed)   60.25 

onaumption  by  the  engine  per  lionr,  lbs 8S09.4S 

lat  in  8509.45  lbs,  Bteam  above  180.3'  Fahr..  B.T.U  3809479. 
inged  10  work  porh.,  B.T.U..  103.93  x  1080000+778=261980. 

=yofa«id i«lML^  0.0731 

'  3e09479 

■  l.H.P.  per  liour  for  engine  and  feed-pump,  lbs. . .  d.ttO 
r  l.H.P.  per  hour  for  engine  and  feed  .pump,  if  1  lb. 

evaporated  10  11*.  water,  lbs. 3.45 

tlble  i)«rI.H.P.  per  hour,  Iba 2.91 

COMPBESBOR, 

■  of  cylinders,  single-acting 2. 

of  stroke,  inches  36. 

r  of  pistons,  each,  incbes 18. 

id  end  of  pistons,  ench,  sq.  in   254.47 

?  Dumber  of  revolutiona  per  m 31,720 

isplacement  per  stroke,  cu.  ft 5.301 

'■   hour,  botii,  cu.  ft 20179. 

of  sealing  oil  per  hour,  cu.  ft 143.8 

filled  with  gaa  per  liour,  both,  cu.  ft 20039. 

d  horsepower,  mean 76,0893 

of  work  by  compressor  per  bour,  B.T.U 193645. 

J  of  compressor  from  coal i^^lsw  ^         O.04O7 

"  mechanism 0,756 

Mure  of  ammonia  entering  compressor,  deg,  Fabr.  57,7 

"         "          leaving            "                    "   ....  116.1 

reaaure,  lbs.  per  aq.  in.,  absolute 28,89 

d     "         182.01 
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Rbfbigeration. 

Preesure  in  cooling  coil,  Ifos.,  absolnte 28.88 

Hence,  temp,  of  liquid,  deg.  FaLr —  2. 

Temp,  of  compressed  gas,  deg.  Fahr 116.1 

**        "  gas  entering  the  compressor,  deg.  Fahr 57.7 

Rise  of  temperature  due  to  compression,  deg.  Fahr 58.4 

Latent  heat  of  evaporation  of  1  lb.  at  —  2°  Fahr 565.6 

Superheating  in  cooling  coils,  87**  Fahr.,  B.T.U 19.27 

Fall  of  temp,  of  liquid  in  cold  room,  deg.  Fahr 69.4 

Heat  imparted  to  cold  room  by  this  fall,  1.08  x  69.4 74.95 

Heat  removed  from  cold  room  per  lb.,  565.6+19.27—74.95  =      509.92 

Ammonia  evaporated  per  hour,  lbs 1669.5 

"     B.T.U 851811. 

Equivalent  in  "  ice-meltiog  capacity  "  per  hour,  lbs 5995. 

Equivalent  in  '*  ice-melting  capacity  "  for  24  hours,  tons 

(each  2.000  lbs.) 71.95 

Equivalent  in  "  ice-melting  capacity  **  I.H.P.  per  hour,  lbs.  65.79 
Equivalent  in  *'  ice-melting  capacity  ''  per  lb.  of  coal  con- 
sumed at  3.6  lbs.  perH.P.,lb8 18.25 

Equivalent  in  ^*  ice-melting  capacity  "  if  1  lb.  coal  had  evap- 
orated 10  lbs.  steam  at  66  lbs.  pressure,  lbs 19.01 

Equivalent  in  **  ice-melting  capacity"  per  lb.  combustible 

at  2.91  lbs.  per  LH.P.,  lbs 22.26 

Equivalent  in   *' ice-melting  capacity''  per  lb.   ammonia 

evaporated,  lbs 8.59 

Efficiencies. 

Efficiency  of  furnace  and  boiler  (see  above) 0.807 

'*           **  steam  utilized  by  engine  (see  above) 0.0721 

'*           '*  engine  referred  to  coal 0.0582 

"           "  compressor  referred  to  engine  (see  above). . . .  0.755 

•*  coal.... 0.755x0.0582=  0.0439 

851311 

**          *'  refrigeration  referred  to  compressor. . =         4.89 

193645 

"  LH.P. of  engine...  3.31 

'*  boiler.3.31x  0.0721  =         0.238 

**  coal... 0.238 X 0.807  =         0.192 

that  is,  for  ever/  thermal  unit  in  the  coal  there  was  abstracted  0.19  of 

a  thermal  unit  from  the  cold  room. 
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cccxc. 
•KINO    OF  RAILROADS  BY  ELECTRICITY. 

(Member  of  tlie  Jotiety.) 

iOTatioQ8  are  taken  up  and  accepted  but  slowly,  and  it 
\y  only  through  the  coutiuual  driviug  of  Btubborn  facte 
re  willing  to  step  (and  then  often  reluctantly)  from  the 
.tbs  and  ruts  of  our  ancestors.  All  of  this  is  better  than 
rate  a  revolution,  or  attempt  to  divert  a  mass  of  moving 
im  one  direction  to  its  opposite,  or  in  any  other  way 
uld  prevent  the  operations  of  our  every-day  life  from 
g  with  undiminished  vigor  and  efficiency.  But  if  once 
still  we  become  stagnated,  and  while  nothing  is  to  be 
y  stopping  or  visibly  checking  the  maintenance 
ed  condition,  yet  there  ia  no  reason  why  developmenl 
[tenance  should  not  j^o  hand  in  hand,  to  the  advantagi 
iides.     So  when  people  predict  changes  and  advance- 

a  few  years  hence,  we  must  not  reject  them  with 
id  criticism  that  such  would  not  be  applicable  to  oai 
;  of  to-day,"  but  rather  stop  to  consider  if  our  present 
could  not  be  gradually  altered  to  accept  the  new  plan, 
it  promised  any  better  or  more  satisfactory  results, 
his  as  a  preliminary,  it  is  asserted  that  the  day  is  nol 
it  when  we  will  see  the  railroads  generally  known  as 
les  run  by  electricity  from  a  central  station.  This  is 
'tless,  the  first  time  such  an  assertion  has  been  made 
,V6  not  as  yet  seen  any  discussion  of  the  subject  which 
)  than  insinuated  the  advantages  which  would  resuli 
)eration  of  railroad  lines  by  such  a  concentration  oi 
From  a  lack  of  time  no  attempt  is  matle  to  analyze  the 
ods  in  a  mathematical  way,  but  rather  it  is  aimed  to 

some  of  the   many  advantages  which  the  use  of  elec- 
lows,  and  which  will  inevitably  result  in  operating  a 

ihis  object  let  us  take  a  few  of  the  changes  which  the 
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Babtttitntion  of  centralized  electricity  -wouH   inaugurate  when  1 
used  in  place  of  the  present  system  of  locomotiveB. 

One  very  important  gain  would  be  the  concentration  of  the  1 
power  at  one  point,  for  a  given  length  of  line,  into  a  few  cylinders, 
instead  of  working  it  in  a  number  of  isolated  engines  where  the  ; 
ineulation  is  poor  and  the  chances  for  condensation  the  beat.  A  ] 
number  of  central  stations — located,  say,  at  a  distance  of  30  | 
to  40  miles  apart — could  be  run  by  large,  powerful  engines,  and  | 
the  expansion  of  the  steam  worked  at  an  economical  point  by 
better  and  more  mechanical  means  of  cut-off  than  can  be  ob- 
tained in  the  present  type  of  locomotive  construction.  With 
locomotives  the  ratio  of  expansion  at  low  speeds  is  correspond* 
ingly  poor,  nor  can  we  expect  to  make  an  efficient  engine  of  it, 
except  in  one  working  condition  which  is  dependent  upon  the 
concurrence  of  so  many  variables  that  the  engine  is  never  worked 
in  that  ratio  for  any  length  of  time.  With  stationary  engines, 
however,  the  case  is  the  reverse,  aa  such  are  designed  to  work 
at  a  constant  speed,  and  if  properly  proportioned  would  he  util- 
ized at  the  highest  grade  of  expansion  consistent  with  economy. 
This  point  would  not  vary  much,  as  experience  with  hydraulic 
and  electric  plants  would  indicate.  The  fluctuations  in  the  case 
of  a  railroad  line  would  probably  be  even  less,  as  the  working 
is  generally  unifoim  throughout  the  twenty-four  hours  of  the 
day.  It  would  be  a  case  of  a  properly  loaded  automatic  cut-off 
engine  against  the  equivalent  of  a  similar  engine  vacillating  be- 
tween an  over  to  an  under  load,  and  such  range  of  the  broadest 
nature.  We  must  not  lose  sight  of  the  fact  that  the  question 
of  keeping  the  line  clear  is  properly  held  as  of  higher  value 
in  a  closely  worked  system  than  is  the  consumption  of  coal 
which  may  result  per  the  horse-power  which  the  engine  is  to 
develop  to  reach  its  destination  as  scheduled.  In  fuiiherance 
of  a  reduction  in  coal  consumption,  the  use  of  condensing — and 
possibly  compounding — at  a  central  station  would  raise  this 
part  of  the  working  of  the  line  to  the  highest  grade  of  efficiency, 

In  experiments  recently  made  it  was  found  that  an  electric 
motor  could  climb  a  grade  of  over  15;^,*  which  is  far  beyond  the 
point  of  adhesion  of  locomotives;  so  that  in  this  direction 
we  could  look  for  a  marked  improvement.    An  analysis  of  the 

*  In  the  pnper  as  diiitrlbuted  in  advance  of  Ilip  meeting,  iliia  %ure  wm  50^ 
by  error.  So  much  nf  intereBtin?  debiie  hinped  on  this  point  tbai  it  was  not 
edited  out  with  the  correciioii,  but  ibis  fiiot-noto  in  inserted. 
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tions  in  the  two  cases  will  disclose  the  reason  for  this, 
o  doubt   all  who  have  had  any  esperience  with  engines 
were  overloaded  or  which  slipped  their  drivers  easily 
ppreciate  its  importance. 
»   question  of  attaiuaMe  speed  enters  as  a  factor,  for  the 

to  which  an  engine  can  safely  be  driven  is  known  to  have 
Qiita — and  which,  to  all  appearances,  we  are  now  closely 
•aching.  The  piston-speed  of  an  engine  with  24  inches 
3  and  68  inches  diameter  of  driving-wheels,  travelling  at  60 

per  hour,  would  be  about  1,400  feet  per  minute.  An  in. 
a  in  the  diameter  of  driving-wheels,  with  the  object  of  de- 
ing  the  number  of  strokes,  makes  the  engine  correspondingly 
jr,  so  that  two  sharp  horns  of  a  dilemma  are  placed  before 
rho  attempts  to  design  an  engine  to  haul  the  increasing 
it  of  trains  at  a  high  speed.  The  questions  of  parts  and 
.ty  of  steam  are  mentioned  in  passing.  The  resistance  of 
.  is  now  quite  positively  known  to  increase  about  with  the 
6  of  the  velocity  which  would  enter  as  a  function  in  the 
:  to  be  given  to  a  motor  to  drive  a  train  at  a  desired  speed. 

such  a  means,  however,  the  speed  is  limited  only  by  the 
:  which  is  given  in  its  design,  and  is  determined  more  by 
ihe  cojiditionB  of  the  service  will  stand. 
;h  electric  motoi-s  it  would  not  be  necessary  to  have  track- 
and  water  stand-pipes  distributed  closely  throughout  the 
vhich  means  considerable  to  thosewho  are  acquainted  with 
tention  and  repairs  (especially  through  the  winter  season) 
.  such  arrangements  demand.  The  delay,  too,  where 
t  engines  are  not  equipped  with  water  scoops  is  apparent ; 
■'en  this  latter  method  of  hlling  tanks  is  beginning  to  show 
fects  upon  the  schedule  which  it  is  possible  to  make  on 
.vhich  a»e  worked  closely  to  their  limit.  Nor  would  it  be 
iary  to  carry  the  dead  weight  of  tender   witli   contained 

which  is  hardly  as  easy  an  accompaniment  as  its  name 

imply.  In  this  connection  it  might  be  well  to  mention 
anoyances  from  cleaning  fires,  as  is  required  in  freight  ser- 
here  the  division  is  a  long  one. 

experience  with  the  centralization  of  power  where  large 
ulic,  electric,  or  pneumatic  plants  are  in  operation  is  that  a 
r  amount  can  be  supplied  tlian  it  is  necessary  to  develop  at 
.ation — that  is,  wliere  there  is  much   division    (such  as 

be  the  case  when  the  power  is  distributed   through  com- 
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mercial  districts  and  divided  into  Hoiall  parts)  a  50  to  60 
H.P,  plant  can  take  and  supply  satisfactorily  about  lOO  H.P.  In 
railroad  work  such  a  ratio  could  hardly  be  looked  for,  as  the 
number  of  trains  would  not  be  as  large  as  the  division  where  the 
power  is  distributed  for  mercantile  and  commercial  purposes ; 
but  a  reduction  of  some  25$  can  safely  be  counted  upon.  The  i 
reason  tor  this  is  evident,  as  it  never  occurs  that  all  the  power  I 
will  be  used  simultaneously  which  each  division  is  capable  of 
exerting.  With  railroads,  too,  it  will  not  occur  that  all  trains 
would  be  exerting  their  maximum  power—  such  as,  for  instance, 
climbing  heavy  grades —  at  the  same  time. 

The  best  kind  of  mechanical  ingenuity  and  high  efficiency  of 
any  mechanical  design  which  is  made  to  accomplish  a  given 
object  are  dependent,  principally,  upon  reducing  the  number  of 
parts  which  it  contains,  so  long  as  the  desired  result  is  obtained. 
Multiplication  of  parts  increases  the  number  of  pieces  to  wear 
and  consequent  repairs,  as  well  as  the  chances  of  failure  from 
breakage.  No  argument  is  necessary  to  indicate  tJie  advantage 
which  electric  motors  would  have  over  the  present  design,  or 
over  any  other  design,  of  locomotive  where  all  the  reqiiisites  of 
an  engine  must  be  incorporated  in  so  many  isolated  places. 
The  failures  from  leaky  flues,  broken  eccentric  strap  knocking  a 
hole  in  the  fire-box,  blowing  or  knocking  out  cylinder-heails,  and 
the  multitude  of  accidents  which  are  happening  every  day  on 
railroad  lines,  would  be  decreased  to  a  marked  extent.  The  re- 
daction in  the  internal  friction  of  the  driving  mechanism  is  also 
apparent. 

No  comparative  mention  has  been  made  of  the  cost  of  repairs, 
the  too  large  percentage  of  power  which  is  idle  to  have  this 
work  done,  the  reduction  in  the  number  of  motors  required  to 
make  the  same  train  mileage  (due  to  more  uniform  and  conse- 
quent higher  average  speed,  resulting  in  a  reduction  of  time  to  go 
over  a  length  of  line),  together  with  the  loss  of  coal  from  irregular 
working  of  engine  and  boiler  where  the  line  is  undulating,  as  is 
the  case  with  all  to  a  greater  or  less  extent ;  also  the  attention 
and  care  which  a  large  number  of  isolated  boilers  demand  to 
keep  them  in  a  safe  working  condition,  as  well  as  the  rapid  weftr 
of  machinery  where  it  is  exposed  to  out-door  influences,  such  as 
dirt  and  the  elements,  as  is  the  case  with  locomotives.  In  fact, 
the  elimination  of  such  details  could  be  extended  almost  indef- 
initely,  and  in  them  there  would  appear  visions  of  a  removal 
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i  a  mass  of  the  little  aimojances  from  the  shoulders  of  thoee 
rhoare  now  held  responsible  for  the  inaintenance  of  this  accu- 
"flation  of  com  plications, 

Tlie  loss  in  electric  transmission  has  not  been  neglected,  which 
I  a  station  controlling  a  line  of,  say,  30  mOea  would,  at  the  pres- 
it  state  of  the  science,  amount  to  some  50? — which  includes 
is  in  dynamo,  line,  and  the  loss  from  an  average  working  of 
tor.  This,  together  with  the  cost  of  necessary  plant  as  capital, 
uprise  the  two  main  objections  against  the  introduction  of 
'tricity  for  transportation  purposes. 
1 1>  attempt  is  made  to  take  up  the  advantages  or  disadvantages 

slown  by  mathematical  calculation)  resulting  from  such  a 
^^m,  biit  it  is  merely  desired  to  mention  some  of  the  many 
c^tical  points  which  would  be  met,  eliminated,  or  improved 
"U  by  the  substitution  of  electricity  to  general  railroad  work- 
Nor  is  it  that  its  introduction  is  anticipated  within  a  year 
•"Wo ;  but  we  cannot  but  acknowledge  that  the  application  of 
— tricity  ia  becoming  more  general,  and,  from  the  rapidity  of  its 
'«lopment,  its  use  for  such  purposes  is  hardly  more  distant 
■"h  the  most  sanguine  of  its  advocates  would  predict, 
the  combination  of  electrical  with  mechanical  engineering 
J  bring  about  as  much  of  a  revolution  in  the  future  as  it  has 
ne  in  the  past,  but  in  all  its  applications  we  must  expect  to 
)  it  creep  before  we  may  see  it  walk.  A  more  thorough  inter- 
ngling  of  the  mechanical,  however,  would  hardly  be  a  detri- 
mt  to  much  of  the  so-called  electrical  engineering. 

DISCUSSION. 
Mr.  Oberlln  Smith. — I  rise  not  so  much  to  discuss  points  which 
)  prominently  brought  out  in  this  paper  as  to  speak  of  one 
int  which  is  perhaps  only  hinted  at.  There  is  a  certain  engi- 
jring  monster  looming  up  in  this  country  of  late  known  as 
s  electric  locomotive.  He  is  not  mentioned  by  name  here, 
1  I  do  not  really  know  what  the  author's  views  about  him  are. 
magiue,  however,  from  a  passage  in  paragraph  third,  on  page 
where  he  speaks  of  one  advantage  in  electric  railroads  being 
t  saving  of  the  dead  weight  of  the  "  tender,"  that  he  intends 
use  a  locomotive.  This  statement  he  amended  by  adding  that 
>ther  great  saving  would  be  in  the  dead  weight  of  the  loco- 
tive.  I  know  that  it  is  quite  common,  in  speaking  ol  the 
ure   of  electric  railroads  (^which,  by  the  way,  I  thoroughly 
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believe  in  and  hope  to  live  to  see  take  the  place  of  steam  rail-  lanoas 
roads  entirely),  to  assume  that  there  must  be  a  locomoiiTeatihe  I  ruing 
head  of  the  train,  drawing  the  cars.  I  do  not  know  from  where  m'-jin  p< 
the  idea  comes,  except  from  the  conyentionalities  of  railroad  m:^^^:^' 
men — a  feeling,  perhaps,  that  it  would  be  too  radical  a  change  to  ktc  ^ 
take  away  from  the  train  so  useful  a  factor  as  the  locomotive.  ^i«}l^^ 
But  to  me  it  seems  a  most  absurd  and  ridiculous  superfluity. 
Of  course,  with  our  present  steam  system,  the  running  of  this 
enormous  mass  of  extra  dead  weight  is  the  only  thing  to  da  If 
we  could  have  a  more  than  ideally  perfect  rotary  engine,  with  do 
more  machinery  about  it  than  a  grindstone  or  a  coffee-mill 
(which  describes  very  well  the  best  electric  motors  of  to-day, 
and  will  describe  still  better  those  improved  ones  which  we  hope 
to  have  in  tlie  future),  and  if,  furthermore,  we  could  pick  up  our 
steam  along  the  track  by  simply  running  a  little  tube  down  to  ft 
cheap  sliding  contact  or  something  of  the  kind,  it  would  then  be 
practicable  to  put  these  little  rotary  engines  on  every  car-axle« 
or  at  least  on  one  axle  in  each  truck,  and  run  our  cars  iBde«- 
pendently. 

The  steam  locomotive  has  developed  by  evolution,  and  is, 
course,  a  wonderful  and  beautiful  machine,  probably  the  be^^ 
we  could  have  attained  to  so  far,  and  doubtless  destined  to  atiJBX 
greater  attainments.  But  it  has  great  disadvantages  in  tt^-®^ 
dead  weight  due  to  carrying  its  boiler,  fuel,  and  water, 
in  its  reciprocating  motions,  none  of  which  we  can  get  o^e: 
and,  too,  we  have  certain  limits  of  speed,  owing  .to  the  recip: 
eating  motions  and  tlie  difficulty  of  getting  steam  fast  enoxif^^^ 
througli  the  ports,  etc.  With  electrical  propulsion  we  have  nr::::*^ 
such  limits,  and  I  do  not  know  where  the  speed  limit  may  lie  ^ 

we  can  contrive  proper  safeguards  against  derailment  and  cc^^^^^*^ 
lisions.     Unquestionably,  to  my  mind,  the  future  electro-loc^^^^^'^ 
motion  will  show  a  motor  on  every  axle,  or  at  any  rate  upc^'^^'^ 
two  axles  of  each  car,  and  every  car  running  as  a  unit,  in  whi<^  ^.^icb 
case  they  can  be  run  coupled  together  in  a  train  or  not,  as  ma^-^-^' 
be  convenient.     In  some  cases,  as  on  the  New  York  elevat^^'''^ 
railroads,  they  can  be  run  independently  at  times  in  the  dt 
when  travel  is  light,  and  coupled  when  the  line  is  busy.    K  th 
run  at  close  intervals  much  passengers'  time  would  be 
One  of  the  great  beauties  of  electric  locomotion  is  that  it 
under  such  perfect  control  in  regard  to  the  amount  of  po 
used  in  proportion  to  the  work  to  be  done.    According  to  m 
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B  we  shall,  after  a  while,  be  able  to  save  the  power  used 
J  and  restore  it  to  the  line,  although  this  scheme  has 
3erfected  as  yet. 

ral,  I  do  most  emphatically  wish  to  combat  the  idea 
last  carry  the  enoriiioua  dead  weight  of  a  locomotive 
tely  no  reason.  We  have  the  weight  of  the  cars,  plus 
iigers  or  freiylit,  for  purposes  of  traction,  and  this  is 
1  abnndant,  cvpn  if  we  make  our  cars  in  the  future  of 
iterials — as  aluminium,  steel,  ajid  what-not. 
king  of  the  lightness  of  the  future  conveyances  by  rail, 
we  sliall  not  only  use  steel  and  alnrainium,  bnt  i>aper, 
ber,  and  oth^r  fibrous  substances,  which  will  give  us 
y  light  cars,  far  beyond  anything  we  can  now  apeak  of 
7.  Just  as  a  wheelbarrow  is  to  a  bicycle,  so  will  these 
umsy  cars  be  to  the  future  ones.  But  leaving  this 
(peaking  ^aiu  of  the  electrical  question  and  the  fact 
lall  have  abundant  traction  in  the  cars  themselves,  I 
should  set  our  miuds  against  this  idea  of  a  great  big 
,  loaded  with  several  tons  of  ballast  to  give  it  traction, 
d  of  a  long  tratu  of  cars,  and  a  man  mounted  on  it  to 
he  electric  switches.  It  is  following  in  the  paths  of 
omotiou,  whit-li  are  .ill  right  in  themselves,  but  are 
)ng  in  the  new  field  of  electro-locomotion,  where  many 
.ditions  are  so  entirely  different. 

il.  A.  Sfheffler.~\a  reading  over  the  article  which 
>een  presented  by  Mr.  Halt,  I  am  tempted  to  give  a 
9  in  regard  to  the  cost  of  installing  a  railroad  plant 
he  author  of  the  paper  thinks  will  be  required  in  the 
e,  and  at  the  same  time  I  desire  to  state  that  it  is  to 
ed  that  Mr.  Hall  did  not  spend  some  little  time,  before 
9  paper,  in  looking  up  the  matter  of  electrical  data 
railroads  are  concerned,  and  the  necessary  cost  of 
n  of  the  generating  stations  at  a  distance  of  not  more 
ilea  apart. 

linary  locomotive  of  to-day,  when  running  at  the 
ite  of  speed  and  hauling  the  average  load,  does 
ot  less  than  300  HP.  Supposing  the  station  to  be 
lave  a  capacity,  to  each  30  miles  of  section,  of  not 
a  one  locomotive,  the  capacity  of  the  generating 
ould  necessarily  have  to  be  about  3ti0  H.P.,  as 
jrms  of  motors  at  present  have  au  efiGciency  of  only 
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about  80  r  and  85?.  It  will  require,  therefore,  for  the  geneiating 
station,  a  360  H.P.  engine  and  sufficient  boilers  for  operai- 
ing  same.  The  cost  of  the  station  can  be  summed  up  about 
as  follows : 

One  860  H.P.  engine $10.000  00 

Battery  of  860  U.P.  boilers 7.000  00 

Station  building 5,000  00 

Steam  connMctions — pumpn,  feed. water  beaters,  etc 2,000  00 

Geneiating  dynamo 12.000  00 

Electrical  htation  appliances,  etc 1.000  00 

Making  a  total  of |87,000  00 

Tlie  foregoing  station  outfit  will  not  permit  of  having  an 
auxiliary  plant  of  engine,  dynamos,  and  boilers,  which  ought 
really  to  be  included  in  the  outfit,  so  that  in  case  the  engine  ox 
dynamos   or  boilers  should  at  any  time  become  inoperative, 
there  would  be  another  set  of  appliances  to  operate  the  railroad 
with.     An  auxiliary  set  of  appliances  would  almost  donble  tlie 
total  cost  of  the  station. 

For  operating  expenses  of  the  station  we  have  the  following: 

5r»  depreciation  on  engine  and  boilers |8i)5  ClO 

4f/  depreciation  on  dynamo 480  OO 

6;r  interest  on  the  station  plant 2,220  OO 

2  firemen,  night  and  day 1,440  O^ 

2  engineers,  night  and  day 2,000  O* 

2  laborers,  night  and  day 1,080  O* 

Maintenance,  such  as  oil,  waste,  etc 800  O^ 

Making  a  total  of f  8,855  (^ 

per  year,  not  including  the  cost  of  coal. 

In  order  to  ascertain  what  the  cost  of  coal  would  be,  we    ™* 
suppose  that  the  total  power  is  required  for  only  one-half  ^'® 
time,  and  one-quarter  the  power  for  the  balance.     This  will  g?^® 
us  2,774  tons  of  coal  per  year  required.     This  assumption  i* 
based  on  the  supposition  that  the  engine  will  require  3  Iba  ^* 
coal  per  horse-power  per  hour.     If  it  was  a  condensing  engine  » 
of  course  tlie  assumed  rate  of  coal  per  horse-power  would  be  to^--^ 
high  ;  but  I  should  not  think  it  would  be  advisable  to  use  a  con,  ^ 
densing  engine  where  the  power  would  be  so  largely  variable 
and  water  along  railroad  plants  is  not  always  available  for  con-^ 
densing  purposes.     Basing  the  cost  of  coal  at  $3  per  net  ton,  the^ 
expense  per  year  for  same  will  be  $8,322 ;  adding  this  to  the  ' 
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iting  expenses  of  the  plant  at  the  atfttion,  we  have  a  total 
6,677. 

far  we  have  only  taken  into  consideration  the  necessary 
of  operating  expenses  of  the  station  plant  We  have  now 
nsidar  the  erection  of  the  neceaaaiy  electrical  circuits  along 
line,  the  depreciation  of  same,  and  interest  on  the  cost  of 
.  Supposing  that  the  pressure  of  the  terminals  was  fixed 
iOO  volts,  in  order  to  deliver  300  H.P.  to  the  motor  it  would 
Bcessary  to  carry  112  amperes  on  the  line,  and  allowing 
rop  in  the  pressure,  by  simple  matter  of  calculation  we 
that  the  conductors  will  have  to  be  of  au  area  equal  to  a 
sr  rod  1  inch  in  diameter.  The  pressnre  of  2,000  volts  is 
atfaer  too  high  to  think  of  using  in  a  safe  manner  the  rails 
te  return  circuit,  and  a  copper  conductor  would  also  have 

used  for  this  circuit,  making  two  lines  of  copper  conductors 
li  in  diameter  for  the  outgoing  and  return  circuits.  If  the 
it  ia  80  miles  long,  it  would  require  the  enormous  quantity 
fi,784  lbs.  for  each  conductor,  and  the  cost  of  copper  wire 
)  present  time  being  17  cents  per  lb,,  the  amount  required 
y  for  the  copper  wire  would  be  1162,106.  The  interest  on 
outlay  at  6*  would  be  S9,726,  As  an  overhead  circuit 
i  be  the  clieapest  possible  way  of  conveying  the  current 
e  motor,  and  as  the  wire  is  of  such  an  enormous  we^ht, 
uld  not  be  well  to  have  the  poles  more  than  60  feet 
This  would  require  6,800  poles.  Basing  the  cost  of 
)oles  and  erecting  same  at  $2.50  each,  we  have  a  total 
5,750.  Erecting  the  line  would  be  charged  at  $1-50  per 
and  tliia  is  a  very  low  figure ;  this  would  give  us  $4,500, 
ig  a  total  cost  for  the  line  of  $W,250.  The  interest  on 
at  Gi  would  be  ^1,215.  Continuing  the  statement  of 
ting  expenses,  it  will  be  necessary  to  add  the  interest 
!;iven  to  same,  and  also  the  depreciation  of  the  line : 
ig  this  latter  at  about  2'^  {which  is  very  low),  which 
I  be  $3,627,  we  have  a  sum  total  of  $31,245  as  the  actual 
annual  cost  of  operating  expenses  of  the  station  plant, 
nterest,  depreciation,  etc.,  on  each  section  of  ^^0  miles. 
vill  not  be  necessary  to  take  into  consideration  the  cost 
erating  the  motor,  as  this  would  be  about  the  same  as  the 
of  operating  the  steam  locomotive,  and  the  first  cost  of 
wou'd  be  about  the  cost  of  a  first-class  locomotive.  The 
comparison  which  should  be  made  between  the  operating 
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expenses  of  the  steam  locomotive  and  the  electrical  plant  woi 
be  that  of  the  difference  in  coal  consumed  between  the  statx^ 
and  the  steam  locomotive,  and  possibly  the  cost  of  repair^    ^ 
the  motor  compared  with  that  of  the  locomotive.    I  have    ^ic 
the  exact  figures  of  the  coal  consumed  by  the  ordinary  Iocc^^hq 
tive,  but  I  do  not  think  it  is  any  less  than  8  lbs.  of  coal  p^^ 
horse-power  per  hour.     This  being  the  case,  and  the  locomotire 
develops  300  H.P.  for  12  hours  and  one-quarter  of  this  horse- 
power for  the  balance  of  the  day,  we  would  have  per  year  a  con- 
sumption  of  6,670  tons ;  this,  at  $3  per  ton,  is  equivalent  to 
$18,710.    Deducting  the  same  from  the  cost  of  total  operatiiig 
expenses  of  the  electrical  station,  we  find  that  the  difference  u 
in  favor  of  the  steam  locomotive  to  the  extent  of  $12,475  per 
year.     I  do  not  think  there  would  be  any  difference  in  cost  of 
repairs  between  the  electrical  and  steam  locomotive.    The  total 
cost  of  the  station,  copper  wire,  and  pole  line  complete  would  be 
$219,856.      This  amount    of    money  would  buy  alout  20  fum 
locomotives. 

The  foregoing  estimates  are  all  based  on  inside  figures,  and  if 
the  railroad  was  600  miles  long,  it  can  be  readily  seen  what  u 
enormous  expenditure  for  electrical  purposes  would  be  neces- 
sary, and  comparing  this  with  the  cost  of  the  present  .steam  rail- 
road would  be  sujQicient  to  upset  any  calculations  in  the  line  of 
electrical  railroads. 

I  have  selected  a  voltage  of  2,000  as  a  basis  for  estimating  the 
cost  of  the  line,  simply  because  it  would  require  eoctraardiwi^ 
care  in  insulation  for  a  higher  potential  where  the  bare  condac- 
tors,  connections,  insulating  material,  etc.,  would  be  subjected  to 
all  kinds  of  rough  weather.    If  it  were  found  that  4,000  volte 
could  be  satisfactorily  insulated  (and  this  has  been  done  with 
covered  mires  in  a  few  special  cases),  the  first  cost  of  line  equip- 
ment would  be  very  largely  reduced,  to,  say,  about  one-half  "Wae 
above  estimated  cost,  thereby  reducing  the  yearly  expense  ^' 
operating  by  decreasing  the  interest  and  depreciation  of  the  pL^^^ 
As  far  as  safety  to  human  life  is  concerned,  I  do  not  believe  "^^ 
4,000  volts  would  annihilate  more  completely  than  2,000  lyc^^^ 
but  the  chances  for  leakage  of  current  at  the  higher  voL —  ^ 
would  be  much  greater.     This  would  mean  greater  coal         ^ 
sumption  and  reduced  efficiency  of  the  electrical  apparatus. 

The  operation  of  the  plant  at  full  power  for  one-half  ol 
time  involves,  of  course,  the  use  of  several  motors,  whicl 
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not  been  considered  in  the  matter  of  operating  expenses.  Bach 
*>naideration  wonld  not  make  any  appreciable  difference  in  cost 
**'  operating  espenees,  because  there  would  necessarily  be  the 
*ame  amount  of  expenses  in  the  line  of  engineers,  firemen,  and 
'*®preciation,  etc.,  on  the  locomotives  as  there  would  be  upon 
***  ©qnivalent  number  of  motors. 

A  statement  made  by  Mr.  Hall  on  the  top  of  page  3  is  as 
follows : 

*'  In  experiments  recently  made,  it  was  found  that  an  electrical 
'^'otor  could  climb  a  grade  of  over  50:*,  which  is  far  beyond  the 
point  of  adhesion  of  locomotives."  I  would  like  very  much  to 
I'^Eike  an  inquiry  as  to  the  facts  of  this  statement.  It  would  be  very 
■^teresting  to  the  members  to  learn  what  motor  it  was,  and  how 
'^ng  the  grade  was,  and  what  speed  was  attained  when  making 
^is  remarkable  climb.  It  is  well  known,  of  course,  that  there 
w  some  very  peculiar  action  between  the  tread  of  the  wheels  on 
Slectric  street-cars  and  track  whereby  they  can  ascend  a  higher 
grade  than  any  other  kind  of  motive  power,  except,  perhaps,  the 
Cable  system,  but  I  am  very  loath  to  believe  that  an  electric 
Baotor  could  ascend  a  grade  of  over  5(ii. 

It  ia  safe  to  say  that  unless  there  are  some  radical  changes 
made  from  the  ordinary'  design  of  electric  generators,  and  in  the 
method  of  trausmission  of  the  current  to  the  motor,  as  well  as  a 
motor  of  greater  efficiency,  we  will  never  see  electric  railroads 
operated  in  this  or  any  other  country, 

I  venture  to  make  the  broad  statement  that  if  steam  transit 
would  be  permitted  in  our  cities,  the  eleotrie  railroad  business  wtnild 
no/  stand  any  kind  of  a  chance  for  competition. 

Mr.  Hdlon  C.  Spavlding. — It  must  seem,  in  view  of  the  state- 
tneuts  which  have  just  been  made,  that  the  owners  and  stock- 
holders in  the  three  hundred  electric  railways  now  in  operation 
jn  the  United  States  alone)  must  be  on  the  verge  of  ruin.  But 
"  ignorance  is  bliss,"  and  at  the  present  time  they  seem  to  be 
running  along  smoothly,  and  to  have  no  difficulty  in  earning 
dividends.  It  may  be  out  of  the  question  to  think  that  electric 
railways  of  a  number  of  miles  in  extent  can  be  operated  success- 
folly  with  the  present  method  of  transmission,  although  the 
present  generators  and  present  motors  hwve  an  efficiency  far 
beyond  that  of  most  steam  apparatus  to-day  ;  and  owing  to  the 
absence  of  reciprocating  parts  and  all  unnecessary  weight,  the 
efficiency  of   the   electric  locomotive   or   electric  car  is   mach 
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beyond  tliat  of  the  steam  locomotive,  whether  you  run  it  by  thtrofc. 
tie  or  by  reverse  lever.  Now,  it  is  useless,  as  I  said,  to  tbin^ 
of  running  long  roads  by  electricity  by  the  present  methods,  ^rist 
as  it  would  have  been  useless  in  the  first  days  of  steam-engines, 
and  when  it  was  considered  unsafe  to  use  a  pressure  of  nioi« 
than  20  or  30  lbs.,  to  get  the  results  which  we  to-day  get  in 
stationary  and  locomotive  engineering  and  by  high  pressures 
and  condensation.  But  just  as  the  next  step  after  ordinary 
telegraphy  was  the  telegraphing  from  moving  trains  without  an j 
contact  whatever  between  the  circuit  which  was  actually  used  to 
send  the  message  and  the  circuit  acting  at  the  point  of  deliveryi 
so,  it  seems  to  me,  there  is  no  question  that  the  next  step,  and  the 
step  which  will  solve  the  problem  of  electric  transmission  fox 
railways,  will  be  the  use  of  high  potential  current  along  the 
track  and  the  use  of  low  potential  motors  with  an  induced  cur- 
rent. This  idea,  as  you  know,  has  been  utilized  in  lighting  with 
signal  success,  and  there  is  hardly  a  city  in  the  country  to-daj 
but  what  is  using  the  alternating  system  of  lighting,  in  which 
there  is  no  mechanical  connection  whatever  between  circuits  on 
which  the  lights  are  placed  and  the  high  potential  circuit  whicli 
runs  out  of  the  station,  and  which  is  insulated  so  as  to  be  prakC- 
tically  without  danger. 

Begarding  the  grade  which  is  mentioned  in  this  paper,  I  am 
very  glad  that  has  been  brought  up,  and  I  should  like  to  have 
some  explanation  on  that  subject.    I  have  not  known  of  any  tests 
which  have  given  any  such  grade  as  that,  although  there  is  ft 
slight  percentage  in  favor  of  locomotives  or  cars  in  which  the 
current  is  transmitted  to  the  motors  through  the  contact  between 
the  wheels  and  the  rails.     The  amount  of  this  additional  trac- 
tion has  not  been  fully  determined,  but  in  such  a  case  as  thst 
under  discussion  1  may  say  that  it  seems  to  me  too  small  to  Tm 
taken  into  actual  account     As  far  as  the  tractive  force  of  elec- 
tric locomotives  is  concerned,  I  do  not  think  we  should  cl^o^ 
anything  more  than  the  results  obtainable  by  steam,  but  I  wfikxxt 
to  emphasize  a  little  more  the  entire  absence  of  reciprocabixxg 
parts  in  electrical  apparatus  for  propulsion.     That  has  b^^^^ 
touched  upon  as  regarding  the  simplicity  and  consequent  ^£^* 
ciency  of  the  machines  themselves,  but  mention  has  not  l>^^^ 
made,  if  I  remember  correctly,  of  the  effect  on  the  track,  an(3.    ^^^ 
the  bridges  and  structures  over  which  the  locomotives  ar^     ^ 
pass.     In  case  of  the  application  of  motors  to  the   sep&xr^to 
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ks,  the  absence  of  a  cooceiitrated  weight  is  'worth;  of  some 
ideration. 

^rding  the  speed  of  the  electric  railwajB  in  the  United 
68  to-day,  the  motors  are  usually  designed  for  from  ]8  to 
dies  an  hour ;  not  on  account  of  the  limit  of  the  electrical 
uatas,  but  on  account  of  the  municipal  ordinance  limiting 
speed  of  such  vehicles  in  the  streets.  The  higher  the  speed 
a  electric  locomotive,  within  reasonable  limits,  the  greater 
efficiency,  for  the  gearing  on  the  cars  is  ordinarily  about 

0  1,  so  that  the  greater  the  speed  the  less  the  ratio  of 
bg. 

le  point  has  not  been  mentioned,  and  that  is  the  oppor- 
y  which  is  afforded  for  utilization  of  the  immense  ivater 
irs  which  are  going  to  waste  day  by  day.  In  New  Eng- 
in  the  South,  and  in  the  West  there  are  enormous  natural 
irs,  as  yon  all  are  aware,  some  of  which  can  be  and  will  be 
»d  by  factories  Iqcated  on  the  spot.  But  some  of  these 
f  privileges  are  so  situated  that  factories  cannot  advan- 
lusly  be  located  there.  The  interest  in  this  matter  is  grow- 
ery  rapidly  at  the  present  time,  and  some  roads  I'notably 
□  the  South,  which  will  be  about  200  miles  in  length)  will 
nbtedly  within  the  next  few  years  be  operated  by  electricity, 
that  by  the  much-abused  present  method,  which  nses  not 
500  volts^a  perfectly  harmless  current. 
-.  -S'.  J.  MacFarren. — It  is  with  some  diffidence  that  I  rise,  in 
tmosphere  so  permeated  with  steam-locomotive  sentiment, 
femi  electrical  methods.     But  before  our  worthy  president 

1  his  point,  which  went  to  the  root  of  the  whole  matter,  I 
led  to  get  up  and  compliment  the  writer  of  this  paper  and 
ratulate  the  Society  on  this  commencement  of  the  study  of  a 
ct  which  is  growing  faster  than  perhaps  many  of  us  realize. 
isider  this  both  an  interesting  and  suggestive  paper,  excel- 
■n  tone,  while  its  moral— that  more  admixture  of  mechanical 
t  with  so-called  electrical  engineering  methods  would  be 
icellent  thing  for  all  concerned — is  truth  itself. 

lave  some  experience  in  business  connected  with  electric 
nlsion,  and  I  want  to  make  the  statement  that  the  amount 
piality  of  the  quackery  which  has  been  perpetrated  on  the 
-lean  public  in  the  way  of  so-called  "electrical  engineering" 
Qost  impossible  to  realize  ;  and  you  would  call  it  a  fish  story 
ere  to  tell  you  some  of  the  things  to  which  I  am  a  competent 
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witness.  Mr.  Oberlin  Smith  made  an  excellent  point,  nam^^ 
that  no  practical  man  would  think  of  following  the  methods  1 
down  in  Mr.  Scheffler  s  paper  and  confine  himself  to  a  loco 
tive  having  the  ability  to  draw  30  or  40  cars,  when  he  can 
only  get  rid  of  the  dead  weight  of  the  tender,  but  of  that  of  ^j 
entire  locomotive  (by  dividing  the  power  among  the  cars). 

I  would  be  glad  to  show  Mr.  Scheffler,  who  is  my  to^^^^^ 
man,  an  electric  road  where  an  independent  motor  of  12  ioxta 
weight  hauls  a  16-foot  ordinary  car  and    load   up  a  15|^^< 
grade,  as  certified  to  by  Mr.  Wilkins,  of  the  P.  R.  R,  by  adhe- 
sion alone.     It  is  practicable  only  with  a  clean  rail  and  fair 
electrical   conditions.    I  am  inclined  to  think  that  the  sbte- 
ment    in    the    original    paper  refers  to    the    experiments   ol 
Mr.   Leo   Daft,  and  perhaps  that  50;^  may  be  a  misprint  for 
15fc,     There  is  no  question  whatever,  as  the  gentleman  from 
Boston  pointed  out,  that  the  passage  of  the  current  from  the 
wheel  to  the  rail,  in  what  is  known  as  the  ground-circuit  method 
of  operating  an  electric  road,  does  add  to  the  adhesion  for  trac- 
tion ;  whether  this  arises  from  any  electric  or  magnetic  cause  (as 
claimed  by  Mr.  Bies,  of  Baltimore),  or  whether  it  is  from  such 
causes  as  the  mere  heating  effect,  which  would  tend  on  a  wet 
day  to  dry  the  rail  quicker,  I  do  not  know,  but  the  fact  is 
there.     The   ISj'^j^,'^    grade  t  speak  of  is  on  the  Fittsboigh, 
Knoxville  and  St.  Clair  Electric  Boad,  and  no  one  would  claim 
that  any  known   motor  without  the  aid   of  electricity  would 
climb   a  15:«^  grade   and  haul  a  heavy  load  as   this  has  done 
again  and  again.     I  have  observed  in  Fourth  Street,  Pittsborgb, 
where  the  cable  track  and  electric  track  touch  each  other,  that 
there  is  from  one  to  three  hours'  difference  in  the  time  of  dryiiH! 
off  the  rail  after  a  snow-storm  or  rain  ;  and  probably  this  is  dtie 
to  the  escape  of  the  current  through  the  raiL 

As  to  the  logic  of  Mr.  Schefller's  paper,  it  is  an  entire  surprise 
to  me  in  this  latitude  and  in  this  company.  It  presupposes  ^ 
impossible  case,  and  builds  up  an  elaborate  argument,  whi^^ 
falls  to  the  ground  when  you  consider  the  statement  of  3^^ 
Smith,  that  the  proper  way  to  operate  an  electric  railro^ 
would  be  to  subdivide  its  power  and  not  to  put  it  all  in 
place. 

I  am  glad  the  gentleman  from  Boston  told  you  about 
Georgia  railroad ;  and  with  reference  to  this  question  of  d^ 
weight,  which  is  a  very  important  and  interesting  one,  I  wan'fc 
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^1  jour  attention  to  a  curious  iDvention  of  Mr.  John  C.  Henry, 
of  I^ew  York,  who  is  a  pioneer  in  the  electric  railway  bnsineas. 
^ia  is  a  motor  without  fields.  It  has  three  armatures,  each  of 
*hich  in  turn  acts  as  field  for  the  others,  and  the  result  ia  to 
fofcftte  the  central  axle  upon  which  all  are  mounted.  It  is  only 
***  experimental  machine  as  yet,  but  Mr.  Henry  Las  been  very 
*^Ccessful  in  mechanical  devices,  and  I  consider  him  the  beat 
"Mechanician  among  the  electricians  of  the  country-  My  experi- 
^Ice  has  been  that  the  electricians,  so  called,  are  not  mechanics. 
^  system  which  is  exporting  motors  to-day  has  been  pronounced 

*  mechanical  failure  in  a  careful  report  made  by  experts  for 

*  eyndicjite  by  which  I  had  the  honor  to  be  consulted — has 
been  so  pronounced  while  acknowledged  to  be  electrically  the 
^ost  perfect  of  all  present  systems.  These  experts  state  that 
the  gentleman  who  gives  name  to  this  company,  and  whom  I 
consider  has  worked  out  the  mathematics  of  electricity  better 
than  any  competitor — that  he  so  exhausted  his  brain  on  the  elec- 
trical features  as  to  leave  nothing  for  the  mechanical  details  of 
the  problem,  and  has  not  yet  reached  a  place  where  he  can  guar- 
antee for  name)  any  sum  which  will  cover  the  cost  of  repairs  to 
the  gearing  and  mechanism  of  his  motors.  To  illustrate  how  far 
expert  prejudice  can  go,  I  want  to  say  that  I  was  asked  not  long 
^o  how  to  avoid  the  "gallop"  of  cars  on  an  undulating  track. 
I  said  that  if  pivot  trucks  of  four  wheels  each  were  too  costly, 
the  next  best  thing  was  a  certain  American  gear,  long  on  the 
market,  and  which  admits  of  increasing  the  present  wheel  base 
(of  6  feet)  to  9  feet,  Tlie  capitalist  repeated  this  to  the  super- 
intendent of  his  home  road.  I  was  sent  for  to  repeat  the  story 
to  this  gentleman  and  give  the  maker's  name.  He  said  :  "  There 
is  something  very  strange  about  that.  I  have  been  buying  ear 
wheels  from  the  firm  for  nineteen  years  and  never  heard  of  this." 
I  took  him  three  blocks  from  his  office  and  showed  him  the  gear 
in  operation  under  a  car,  and  he  repeated  his  statement  that  in 
all  his  street-car  experience  he  never  heard  there  was  any  such 
gear.  Three  days  later  the  superintendent,  the  capitalist,  and 
three  costly  experts  met  in  an  interior  city  of  New  York  to 
decide  upon  an  equipment~or"an"^eelric  road.  My  statement 
was  there  repeated.  One  of  these  experts  stated  in  the  presence 
of  the  committee  assembled  that  there  was  some  mistake  about 
this  9-foot  wheel  base,  and  that  it  was  a  practical  impossibility 
for  a  9-foot  wheel  base  gear  to  go  through  ordinary  street-car 
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curves.     I  told  them  to  write  to  Mr.  C.  B.  Holmes,  of  the  cal 
road  (^11  the  South  Side,  Chicago.     They  did  so  and  learned  th^  .^^ 
he  (*ommenced  to  use  this  gear  when  he  had  a  horse  road  t  ^L5^ 
years  ago ;  that  he  now  had  775  sets  in  use  and  does  not  w^^;;^^^ 
any  other  gear.     The  Third  Avenue  Street  Bailroad  in  New  Tc^^  j 
was  using  the  same  gear  practically  at  the  door  of  the  e^p^^>^ 
who  said  it  was  impossible  for  that  gear  to  work.     I  want  ^^ 
aj)ply  that  to  Mr.  Scheffler's  case.     He  has  proved  here  by    ^ 
very  skilful  argument  that  it  is  impossible  to  operate  a  railro^.^} 
by  electricity.     But  it  becomes  constantly  less  safe  to  defin^^ 
possibility.     I  am  really  sorry  that  gentlemen  here  show,  if  joii 
will  allow  me  to  use  the  expression,  the  prejudice  in  favor  c^f 
steam  against  electricity  that  appears  here.     Electricity  is  in  mo 
sense  a  rival,  but  in  every  sense  an  aid,  to  steam.    I  am  not 
an  electrician  at  all,  but  I  tell  you,  you  cannot  afford  to  disre- 
gard electricity,  because  it  will  come  without  you,  unless  yo"* 
think  better  to  have  it  come  with  you,  and  any  of   you  wlxo 
look  into  it   will   agree   with  the   conclusions  I   have  drav"» 
here,  and  will  be  astonished  to  find  how  much  ignorance  thexr^ 
is  on  this  great  topic.     There  never  was  an  industry  commamd- 
ing  the  amount  of  investment  the  electric  railway  has  to-dak^J 
which  was  guided  by  such  ignorant  advice  as  it  is  dependex^t 
upon.     No  more  inviting  field  than  electric  propulsion  opeCB* 
for  mechanical  engineering,  since  at  least  90^  of  the  featiir^38 
of  so-called  electric  "  systems  "  are  mechxinical  features. 

Sir  Wm.  Thompson  has  well  said  that  the  mechanical  engin&^s' 
needs  to  add  but  one-tenth  to  his  knowledge  to  include  tft^e 
electrical  field 

Mi\  E,  P.  Roberts, — In  connection  with  the  remarks  of  pcr^ 
vious  speakers,  and  from  the  standpoint  of  an  electrical  engine^^^i 
I  believe  it  very  advisable  that  mechanical  engineers  should  ha»"^® 
a  knowledge  of  electrical  matters.  An  example  of  this  is  fcli^ 
fact  that  a  large  mining  machinery  firm  have  recently  enga^< 
an  electrical  engineer. 

With  reference  to  large  train  units.  Dr.  Louis  Bell  recen.' 
l^ublishod  a  paper  showing  that  if  on  a  certain  road  betw^^"^ 
Chicago  and  Cincinnati  electricity  were  applied  as  the  moti"^® 
power,  and  tlie  traffic  and  train  units  were  maintained  aft  ^* 
present,  a  rather  high  potential  would  be  necessary,  and  -fc^^e 
coal  consumption  would  be  about  as  at  present  with  st&^**^ 
locomotives.     In  most  cases,  small  train  units  would  be  adv: 
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^-  For  elevated  railroails,  Mr.  Daft  thinks  it  would  not  be 
'q  to  operate  trains  closer  than  at  present,  and  therefore,  in 
<ior  to  handle  the  traffic,  the  trains  would  need  to  be  of  the 
esent  capacity,  and  for  such  work  he  adviaea  an  electric  loco- 
c>tive.  To  refer  to  tbe  figures  of  a  previous  speaker,  that  for  a 
a.<i  of  the  character  he  considers  a  conductor  of  one  square  inch 
'Stion  would  be  necessary',  and  the  coat  of  such  a  conductor 
ould  be  prohibitory,  Mr,  Spr^ue,  in  a  recent  paper,  states 
'at  the  telephone  system  between  New  Tork  and  Boston  uses 
*pper  wires  nf  an  aggregate  cross-section  50*  greater  than 
*J3,  and  that  if  such  cost  is  not  prohibitory  for  telephones,  it  is 
Ot  for  fast  passenger  traffic  if  the  demand  for  such  traffic  is  as 
ceat  as  between  New  York  and  Philadelphia. 

Between  these  two  cities  he  calculates  that  to  handle  the 
resent  through  passenger  traffic  a  separate  fast  line  would  take 
bout  3,000  volts  if  operated  from  a  station  at  one  end,  but 
operated  from  four  stations  distributed  along  tlie  line,  and 
sing  the  three-wire  system  of  distribution,  that  a  potential  of 
00  volts  and  a  conductor  of  one-inch  cross-section  would  be 
ufficient. 

This  latter  potential  is  the  same  as  is  generally  used  on  street- 
ailway  lines ;  2,(100  volts  have  been  used  successfully  on  series 
ne». 

Mr.  Sprague  makes  some  assumptions — such  as  electrical 
raking — which  have  not  been,  as  yet,  realized  in  practice, 
ut  which  doubtless  will  be  thoroughly  worked  out  before 
)ng. 

With  reference  to  electric  railways  paying,  it  certainly  is  a 
ict  that  such  is  the  case.  I  am  informed  of  one  road  where 
tiey  are  carrying  3  J  people  per  car  mile,  receiving  five  cents  for 
acli  person.  Tljey  are  operating  over  twenty  miles  of  double 
rack,  and  are  making  money.  Also  of  another  road  where  the 
xpense  per  car  mile  is  less  than  eight  cents. 

Mr.  C.  J.  II.  Woodbury. — I  would  like  to  ask  the  speaker  s 
uestion  on  that  point,  and  that  is  if  the  expense  of  eight  cents 
er  mile  refers  to  the  whole  expense  of  the  corporation,  or  only 
pe rating  expenses  ? 

Ilr.  h'oln^rts. — I  was  told  by  one  who  was  supposed  to  know, 
id  supposed  to  be  trustworthy,  that  it  included  all 

Mr.  Wuodbury. — Interest  on  any  bonds,  or  anything  of  that 
ind? 
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Mr,  Rol)ert8. — ^Interest  on  any  bonds — everything  of  ever 
nature  that  would  go  into  expense. 

(Later  Note.     I  am  since  informed  that  the  expense  of  eigj^^ 
cents  per  mile  includes  everything  excepting  interest  on  bond^ 
and  that  ten  cents  covers  items  of  that  nature.) 

Mr.  Jesse  M.  Smith, — Mr.  Scheffler  has  made  out  a  remarbbie 
case  for  the  steam  locomotive  as  against  the  electric  with  sta- 
tions along  the  road.  He  supposes,  as  I  understand  his  remaifa, 
that  these  stations  are  to  be  used  at  all  times,  whether  there  is 
a  train  on  that  particular  section  or  not,  and  that  each  statioii 
is  developing  its  full  power  at  all  times.  Now,  that  is  not  the 
case.  There  is  a  continuous  line  running  right  through  from 
one  end  of  the  road  to  the  other,  fed  only  at  intervals,  and  if 
the  supply  of  electricity  which  is  drawn  by  the  motors  passing  i 
particular  section  is  not  needed,  that  supply  goes  on  to  another 
section  and  helps  that  out ;  and  it  is  a  matter  of  practice  in 
street  railways  that  a  great  many  more  cars  can  be  put  on  a 
line  than  is  actually  represented  by  the  power  in  the  station. 
That  is,  if  the  station  is  for  a  1,000  H.P.  there  can  be  as  many 
as  1,500  H.P.  of  motors  put  on  that  line  without  any  detriment 
whatever,  supposing  that  some  of  the  motors  are  idle,  while 
others  are  developing  their  full  power.  That  one  idea  alone 
would  cut  down  Mr.  SchefHer's  expenses  one-half.  I  think  it  is 
a  point  which  has  been  overlooked  before  in  this  discussion. 

Mr,  Chas,  W,  Barnahy. — ^In  regard  to  the  method  of  driving 
through  the  application  of  motors  to  the  car  axles,  I  have 
noticed,  in  late  discussions  of  the  subject  in  the  electrical 
papers  and  conventions,  a  disposition  on  the  part  of  some  to 
advocate  returning  to  the  locomotive  principle.  I  do  not  recall 
all  of  the  arguments  presented  by  the  advocates  of  this  system, 
but  one  reason  given  was  that  the  fitting  with  motors  of  the 
extra  cars  used  only  for  heavy  traffic  necessitated  the  invest- 
ment of  considerable  capital,  which  must  lie  idle  much  of  the 
time.  By  using  a  sufficient  number  of  electric  locomotives  to 
take  care  of  the  ordinary  travel  with  but  one  or  two  cars 
attached,  the  heavy  traffic  being  provided  for  by  attaching  more 
cars  to  each  of  the  regular  locomotives,  it  was  claimed  that  the 
cost  of  equipment  was  less  than  by  the  separate  car  method  of 
propulsion. 

As  Mr.  Smith  has  stated,  driving  by  direct  application  of 
motors  to  the  several  car  axles  appears  to  be  by  ail  means  the 
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"'^rrect  principle,  and  it  is  to  be  hoped  that  no  practical  consid- 
srationa  will  neceBsitate  returning  to  the  indepeudeut  loco- 
ttiotive,  as  that  looks  like  a  step  backward. 

Mr.  D.  L.  5«nies.— Perhaps  the  railway  mechanical  eugiueera 
**■©  a  little  abead  of  the  electrical  engineers  in  this  matter.  To 
•uy  knowledge,  in  the  last  year  three  roads  in  Chicago  have 
^ade  estimates  on  the  transmission  of  electric  power  for  switoh- 
iQg  and  tarrying  passengers  in  Pullman  cars  through  the 
streets  of  cities,  and  upon  application  to  electricians  for  station- 
ary motors  for  the  purpose  tbey  could  get  no  reply  which  would 
give  tbem  any  clue  to  the  economy  or  desirability  or  operation 
of  the  necessary  motors,  none  having  been  built  large  enough 
to  perform  the  work. 

Mr.  Jiio.  M.  Stt-ecney. — I  probably  have  been  placed  in  a  posi- 
tion for  the  last  two  years  to  know  something  of  the  troubles 
connected  with  the  electric  propulsion  of  cars,  because  I  have 
been  interested  in  a  street  railway  line  and  have  been  actively 
connected  with  its  management.  I  think  that  in  the  considers^ 
tion  of  the  question  before  the  body  the  fact  is  lost  sight  of 
that  electricity  is  merely  a  ready  means  of  transmitting  energy 
instead  of  a  belt  or  a  rope  or  other  methods  which  have  been 
employed  at  various  times.  One  of  Mr.  Schefflcr's  points — the 
last  one  which  he  made^struck  me  as  rather  erroneous ;  be- 
cause he  said  that,  under  certain  conditions,  if  steam  cars  were 
allowed  to  be  run  through  the  streets  of  cities,  they  would 
instantly  supplant  the  application  of  electricity  for  that  pur- 
pose. That  can  hardly  be  possible,  because  for  street  traffic 
a  higher  class  of  labor  is  required  to  take  care  of  and  manage 
the  steam  locomotive  thcin  to  take  care  of  and  manage  an  electric 
motor,  and  it  is  that  feature  which  makes  electricity  so  par- 
ticularly applicable  to  street  traffic.  You  can  pick  up  a  class 
of  labor  and  educate  it  in  a  short  time  to  handle  the  electric 
appliance.  Further  (and  it  is  the  gist  of  this  whole  matter,  to 
my  mind,  as  it  applies  to  long-distance  electric  transmission,  or, 
rather,  to  replacing  the  locomotives  in  what  are  usually  known 
as  railways),  that  where  you  can  concentrate  tlie  output  of  your 
plant  and  allow  it  to  serve  a  large  number  of  independent  oper- 
ating machines  you  have  what  is  a  desirable  commercial  invest- 
ment, while  if  you  had  only  one  car  to  run  or  a  lesser  number 
of  street  cars  it  would  not  become  a  desirable  thing,  for  you  had 
better  put  the  balance  or  the  whole  of  your  expense  on  the  one 
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or  two  cars  or  whatever  it  may  be.  It  must  be  under  a  condi^<j 
where  it  in  commercially  judicious  to  use  the  central  station^  ^ 
the  distribution  of  power  over  a  number  of  cars. 

There  has  been  some  comparison  made  between  the  redpj^ 
eating  parts  of  steam  locomotives  and  what  is  gained  in  el^ctTh 
cal  apparatus  by  dispensing  with  reciprocating  parts.    That  is 
very  true,  but  in  the  present  state  of  the  art,  and  the  applicatioii 
of  electricity  to  the  propulsion  of  cars,  it  would  be  done  at  i 
very  hejivy  expense  in  the  gearing  employed  to  connect  the  motor 
to  the  axle  of  the  car,  and  that  to-day  is  the  greatest  obstacle 
to  be  met  with  by  one  managing  or  attempting  to  conduct  a  street- 
car line  driven  by  electricity.     My  first  experience  with  it  ex- 
tended to  what  was  then  known  as  the  Van  De  Poele  method. 
It  was  at  an  early  time  in  the  introduction  of  electrical  street- 
car lines — I   think  about  the  sixth  road  which  was  operated. 
The  Van  De  Poele  method  consisted  in  placing  a  motor  in  the 
front  end  of  the  car,  and  connecting  it  to  the  axle  with  chams. 
Two  chains  were  used,  connecting  from  the  counter-shaft  of  the 
motor  down  to  the  wheel  on  the  axle  of  the  car.     It  became  evi- 
dent in  a  little  while  that  one  of  those  chains  was  of  very  Uttte 
use ;  that  it  was  impossible  to  concentrate  the  strain  on  both 
of  the  chains  or  equalize  it,  and  that  one  of  them  was  merely 
idle.     With  that  idea,  I  caused  one  of  the  chains  to  be  remoTed, 
and  ran  the  car  much  more  successfully  with  one  chain  than  it 
had  been  operated  with  two  chains.    The  chain  which  we  used 
originally  was  a  chain  with  a  roller  between  the  links,  working 
on  a  pin,  and  the  stretch  of  it  was  very  considerable,  so  that  it  was 
constantly  increasing  its  pitch,  while  the  wear  of  the  sprocketr 
wheel  diminished  it,  and  we  had  the  two  things  bearing  one 
against  the  other.     The  cost  of  the  chaiQ  was  $1.60  net  per  foot, 

and  about  seven  weeks  was  the  life  of  it   We  now  use  malleable 

• 

iron  chain,  costing  60  cents  per  foot,  which  we  run  at  least  8»^ 
months.  There  is  too  much  disposition  on  the  part  of  mechani<58* 
engineers  to  conclude  that  a  requisite  for  electrical  application 
is  a  lack  of  mechanical  engineering  knowledge.  For  a  time  I  "^^ 
of  that  opinion,  and  thought  that  it  would  be  but  little  troti"**' 
to  correct  many  of  the  weak  places  in  mechanical  applicati^ 
but  I  have  generally  found  that  they  are  too  closely  allied 
the  electrical  question^  and  that  what  would  certainly  be  a 
cessful  device  if  electricity  was  left  out  of  the  question  bec^-^ 
anything  else  when  connected  with  the  eleotrical  end. 
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field  for  mechanical  engineers  in  working  ont  the  details 
adaptation  of  electricity.  But  in  order  to  be  Bucceasful 
^neer  must  also  know  a  great  deal  oi  the  properties  of 
(ity. 

ink  Mr.  SchelSer's  fibres  on  the  amoiint  of  wire,  etc., 
id  to  operate  a  line,  which  he  assunies,  nndoubtedly  cor- 
id  that  to  any  such  extent  it  is  decidedly  impracticable  to 
)  the  line;  but  uewmethodsof  traasmiasiou,  newconditionB 
Bures,  etc,  can  be  expected  at  any  time,  and  may  change 

many  of  the  conditions.  However,  I  am  convinced  that 
,g  lines  electricity  can  onlybe  applicable  to  advantage 
the  unit  of  load  to  be  moved  is  very  small,  say  one  or  two 

train.  The  advantage  found  entirely  disappears  when 
)  is  extended,  and  the  train  unit  increased,  as  if  there  were 

or  thirty  ears. 

Wm,  Forsyth. — I  should  like  to  say  a  word  on  this  quea- 
)m  a  railroad  standpoint.  While  we  want  to  be  as  pro- 
e  as  possible,  and  to  go  into  the  use  of  electricity,  we  will 
discouraged  or  terrified  by  the  figures  which  have  been 
ted  by  Mr.  Scheffler.  He  has  very  properly  called  these 
figures,  and  the  railroads  will  not  nse  this  kind  of  figures 
dr  pfltimates.  When  they  go  info  the  wholesale  use  of 
nty,  they  will  manufacture  their  machinery  the  same  as 
>w  manufacture  their  locomotives — in  their  own  shops — 
e  cost  of  that  machinery  will  probably  be  about  one- 
or  one-fifth  of  that  now  charged  for  electric  machinery 
trie  companies.     I  have  been  using  some  electric  motors, 

trying  to  use  more  I  am  met  with  this  question,  which 
■ly  a  commercial  one :  that  of  the  cost  of  the  machinery ; 
getting  estimates  for  a  TJ  power  motor  I  found  that  figures 
e  various  companies  varied  from  $1 ,100  down  to  $400.  Prob- 
le  $400  motor  was  as  good  as  that  they  charged  $1,100  for, 
;,  as  I  say,  these  figures  which  Mr.  Scheffler  has  presented 
considerably  reduced  in  the  mere  cost  of  the  motor  itself 
t  with.  As  our  President  has  said,  the  motor  is  a  piece 
hinery  which  is  about  as  simple  as  a  grindstone  or  a  cof- 
1,  and  instead  of  costing  $12,000,  as  given  in  this  estimate, 
[d  expect  to  build  a  motor  or  dynamo  of  the  same  capac- 
about  $2,000. 

President  has  spoken  about  that  monster,  the  locomotive, 
e  probability  that  such  machines  would  not  be  used  at  all 
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when  electricity  should  come  into  use.  But  there  is  one  phase  of 
railroading  in  which  that  would  be  used,  and  that  is  in  svitch- 
iug ;  and  I  believe  that  the  first  use  of  electricity  on  a  large 
scale  on  railroads  will  be  large  motors  for  switching-engines. 
In  our  switching-yards  we  have  to  employ  a  heavy  locomotiyei 
with  its  tank,  an  engineer  and  fireman,  and  a  man  at  the  hack 
end  for  handling  the  push-pole,  making  three  men,  with  a  veiy 
large  and  heavy  piece  of  machinery.  Now,  if  we  can  reduce  that 
to  a  small,  compact,  and  heavy  motor,  with  one  man  directing  all 
the  motions  and  the  motion  of  the  pole  besides,  it  will  certednlj 
make  an  improvement,  and  it  is  one  which  I  believe  will  be  the 
first  application  on  a  wholesale  scale  of  electricity  to  raUroada. 

The  other  question  which  the  President  mentioned  was  the  uae 
of  a  bicycle  construction  in  cars.    While  it  is  very  desirable  to  re- 
duce the  weight  of  cars,  there  is  one  objection  which  it  meets  with, 
and  that  is  the  matter  of  safety.     When  we  obtain  a  speed  of  50 
or  60  miles  an  liour,any  one  who  is  travelling  along  at  that  speed 
would  a  great  deal  rather  be  enclosed  in  a  good,  substantial  box 
than  in  a  very  light  and  flimsy  one,  so  that  in  case  the  thing  goes 
off  the  track  he  will  be  better  protected.     I  believe,  though,  in 
the  use  of  iron  and  steel  where  we  have  the  maximum  strengAi 
for  a  given  weight  of  any  material  which  it  is  possible  to  use  fot 
railroad  cars,  and  that  by  the  use  of  them  we  can  reduce  tV3.e 
weight  considerably. 

Mr,  B,  J.  Dcishidl,  Jr. — I  would  like  to  go  on  record  that  th^^' 
is  no  virtue  whatever  in  passing  an  electric  current  througkv^ 
wheel  to  a  rail  and  thus  increasing  the  adhesion.  From  exp^^  ' 
ments  made  by  Mr.  O.  T.  Crosby  and  myself  at  Jamaica,  L. 
we  found  there  was  nothing  in  it.  Our  experiments  were  pu:^ 
lished  about  four  weeks  ago  in  the  Electi^cal  Engineer  ;  Mr.  I>  -^ 
came  out  in  the  next  issue  and  agreed  in  the  main  with  our  ^^' 
periments  which  were  published.  Yet  Mr.  Bies,  of  Baltimotx^ 
tried  to  obtain  results  by  passing  a  current  through  a  wheel  aU  * 
rail,  but  found  that  he  could  accomplish  nothing  in  this  respect 
I  believe  he  then  built  a  model,  wound  his  wires  upon  the  axle_ 
magnetized  the  wheel,  and  got  some  fair  results.  The  resultfitf 
obtained  by  him  on  the  model  were  by  far  more  favorable  than  . 
those  wliich  could  be  obtained  in  actual  practice. 

Mr.  W.  0.  Webher. — I  think  this  discussion  develops  one  thing, 
if  no  other,  and  that  is,  they  are  all  right  I  think  Mr.  Scheffler 
is  not  all  wrong ;  and  I  do  not  think  the  others  all  right,  and 
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rad.  This  is  proven  by  the  fact  that  there  are  eleotrio 
railroadB  being  operated  to-day  with  commercial  snocesa. 
lave  been  operated  thia  way  for  four  years  at  least.  Now, 
principle  was  absolutely  applicable  to  the  traffic  on  steam 
dB,  I  do  not  think  the  American  public  are  quite  so  alow- 
;hat  they  would  not  have  got  at  it  in  four  years.  I  do  not 
Mr.  Hcheffler  is  entirely  wrong,  because  there  are  certain 
rhich  have  got  to  be  taken  into  consideratiou  in  looking  at 
.  the  standpoint  he  did.  One  is  this ;  you  cannot  operate 
ruuk  line  by  electricity  in  the  same  method  by  which  yon 
operate  a  street  railroad,  with  small  cars  running  at  very 
ntervals  of  time,  without  a  great  deal  of  preparation.  For 
se,  you  would  have  to  have  four  tracks,  without  any  ques- 
vo  each  way  for  passenger  traffic  at  high  speed,  and  two 
ay  for  freight  traffic  at  slow  speed ;  because  you  could  not 
n  the  same  track  trains  running  at  one  speed  and  other 

running  at  one-third  of  that  speed.  You  have  got  to 
B  your  freight  trains  as  an  aggregation  of  a  large  number 

going  at  a  pretty  slow  speed.     As  Mr.  Forsyth  says,  you 

do  switching  in  this  way  without  pretty  heavy  motors. 
:  the  argument  was  very  good  on  both  aides.     The  proof  , 
ibsolute  fact  that  you  have  got  lots  of  electric  street  rail- 
;o  day  churning  out  coupons,  and  you  haven't  got  any 
ctric  trunk  lines. 

OfierHn  Sixit/i. — I  will  not  take  up  all  the  time  I  would 

take  in  answering  the  various  points  which  have  come  up. 
ivant  to  say  in  answer  to  Mr.  Forsyth,  that  when  we  run 
t  trains  and  the  light  cars  we  expect  to,  we  won't  depend 
Don  a  wheel-flange  Ij  inches  deep  to  keep  us  on  the  track 
t  of  eternity. 

1  regard  to  Mr.  Scheffler's  statement,  I  will  just  say  that  in 
iulation  of  the  amount  of  power  required  to  run  an  electric 
le  assumed  the  same  power  as  for  a  steam  train,  and  for- 

deduct  the  weight  of  the  locomotive,  which  with  many 
passenger  trains  probably  averages  nearly  as  much  as  the 
eraselves.  Take  that  off,  and  the  horse-power  and,  conse- 
V,  the  coal  consumption  would  be  reduced  in  proportion, 

a  large  percentage  out  of  his  cost  figures. 
Tli'is.  It  Morijan,  Sr. — The  great   difficulties  with  which 
ninds  have  to  contend  in  discussing  iew  powers,  such  as 
ctric,  as  in  this  case,  comes  from  the  education  already 
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received,  and  an  nnwillingness  or  determination  not  to  acc6>)^ 
the  new  conditions  until  they  have  actually  forced  themselves 
into  practice.     With   such  minds  every  argument  possible  is 
brought  to  bear  against  its  success,  which,  after  all,  in  a  genei&l 
way  is  educational  and  desirable.     Other  minds  are  more  hope- 
ful, willing,  and  desirous  to  live  and  accept  progression  as  it 
comes  along.     My  disposition  and  experience  make  me  hopeful 
and  desirous  to  accept  all  progressive  powers  as  they  oome  dong^ 
In  this  spirit  we  have  used  electric  power  in  oar  workshops 
in  many  and  various  ways,  with  universal  success  so  far.    We 
are  becoming  more  and  more  friendly  to  it  as  we  go  along.    I  be— 
lieve  in  its  great  future  possibilities,  even  to  railway  looomotio: 
for  reasonable  distances  through  auxiliary  power  stations, 
such  can  be  accomplished.     The  engineer  and  fireman,  also  tke 
dead  carriage  weight  of  fuel  and  water  for  steam  purposes,  will 
be  dispensed  with.     The  minor  difficulties  now  existing  will,    I 
believe,  in  the  future  be  overcome  to  a  considerable  extent  We 
are  running,  and  have  been  for  about  one  and  a  half  years,  omxe 
each,  ten,  fifteen,  and  twenty-five  tons  overhead  travelling  craaes 
operated  by  electricity.     They  have  given  us  no  trouble  whatever 
since  we  put  them  in  operation.     We  have  electric  motors  nx3i- 
ning  complete  lines  of  machinery  and  shafting  with  similar  sta.o- 
cess,  reducing  largely  the  use  of  belting,  shafting,  and  geari^og. 
I  would  respectfully  invite  any  member  who  is  interested  e^iid 
may  desire  to   see  our  practice  to  visit  us  at  Alliance.     "V^'e 
shall  be  pleased  to  show  all  who  go  the  many  evidences  of  winat 
I  say  here.     My  desire  in  speaking  as  I  do  (based  upon  the    ex- 
perience we  have  already  had  with  electric  motive  power)  i^  to 
help  prepare  the  minds  of  our  members  to  look  hopefully,  &8  I 
do,  to  the  possibilities  of  this  great  power  in  the  future.      Its 
suj)eriority  over  any  other  power,  in  refinement,  simplicity,  ^uid 
safety  for  operating  many  classes  of  macliinery,  we  have  esi 
li^lied  to  our  own  satisfaction  beyond  a  doubt.   We  have, 
sequently,  reasons  to  believe  and  feel  hopeful  that  even  elec  t>xnc 

railways  for  long  distances  may  be  a  possible  success  in  thefutix^*^* 
While  believing  in  the  revolutionary  displacing  of  some  ®* 
the  other  powers  by  electricity,  I  do  not  want  to  be  considered 
(enthusiast  to  such  an  extent  as  to  say  that  electric  motive  po 
will  be  best  for  all  places  and  under  all  conditions  where  ste' 
hydraulics,  pneumatics,  and  gas  are  now  being  used,  and 
best  suited  for  many  purposes.     These  powers  will  also  li.< 
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leir  special  demands,  as  they  hare  had,  as  varying  locations, 
irposes,  and  conditions  will  favor  either  one  or  more  of  the 
iwers  in  combination  as  the  beat  and  most  economical ;  all  of 
bich  in  oar  business  we  use  and  furnish  to  others,  in  part  or 
mbined,  to  suit  the  wants  or  demamla  of  our  customers.  We 
id  the  conditions  are  such  in  two  different  locations,  even  when 
s  demands  are  similar,  that  it  is  wise  to  change  the  motive 
■wer  to  suit  such  conditions  and  locations.  While  I  believe  in 
S  considerable  advancement  in  electric  power  for  locomotion 
i  in  our  business  for  many  purposes,  I  am  confident  all  the 
ler  powers  will  also  hold  their  own, 

tfy  desire  ia  expressing  myself  as  I  do  is  to  show  my  views 
I  experience  as  favorable  to  electric  motive  power,  and  that 
>elieve  in  it,  but,  at  the  same  time,  I  do  not  lose  sight  of  the 
ler  powers  for  similar  and  other  purposes. 
Pn^.  Arthur  T.  Woo'/s.— The  author  states  that  "the  resiat- 
36  of  trains  is  now  quite  positively  known  to  increase  about 
th  the  square  of  the  velocity." 

Is  reports  of  tests  in  this  country  and  abroad — as,  for  example 
ts  on  the  Chicago,  Burlington  and  Quincy  Railroad,  and  the 
lently  published  indicator  cards  from  a  Worsdell  compound 
emotive,  taken  at  speeds  as  high  as  86  miles  per  hour — show 
it  the  train  resistance  not  only  does  not  increase  as  the  square 
the  velocity,  but  is  in  some  cases  less  at  high  than  at  low 
!eds,  Mr.  Hall  will  add  greatly  to  tlie  value  of  his  paper  by 
ing  us  data  which  will  support  his  statement. 
,!//■.  I'red/c.  A.  SchejHtr. — I  desire  to  correct  what  seems  to  be 
i  prevailing  opinion  of  some  of  our  friends  who  have  partaken 
the  foregoing  discussion  of  my  comments  of  Mr.  Hall's  paper, 
that  my  statements  were  with  a  view  of  creating  a  feeling  that 
im  not  in  favor  of  electrical  railways  of  any  kind.  I  most 
phatically  desire  to  say  that  an  opinion  of  this  kind  is  entirely 
onsistent  with  the  statements  I  have  made.  I  am  particularly 
drous  of  furthering  any  matter  which  pertains  to  the  advance- 
nt  and  introduction  of  electrical  work  of  all  kinds,  as  there  is 
branch  of  the  worhl's  industry  which  is  or  will  not  be  infln- 
■ed  by  the  electrical  industry.  Careful  perusal  of  my  discas- 
n  will  show  that  in  no  case  have  I  even  hinted  that  I  am 
lirous  of  crying  down  electric  railroads,  and  I  am  extremely 
appointed  to  learn  that  certain  members  did  not  give  as  care- 
attention  to  my  remark.s  as  I  should  certainly  have  desired. 
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My  object  in  presenting  the  comments  was  explicitly  stated 
in  their  first  paragraph,  and  in  endeavoring  to  show  the  coat 
of  installing  and  operating  one  section  only  of  such  a  railroad 
as  Mr.  Hall  has  suggested,  I  fail  to  find  anything  which 
would  give  rise  to  the  opinion  that  I  am  personally  against 
progress  in  this  line.  I,  too,  desire  to  see  electricity  supphuit 
the  present  steam  railroad,  but  at  present  cannot  see  exactly  how 
this  can  be  accomplished  from  a  commercial  standpoint  Li 
this  respect  I  concluded  my  remarks  with  the  suggestion  that  it 
would  be  necessary  to  make  a  considerable  advancement  in  the 
line  of  a  better  and  cheaper  generator,  motor,  and  method  of 
transmitting  the  current  from  the  generator  to  the  motor.  Does 
this  statement  even  suggest  that  I  am  not  in  favor  of  electric 
railwav  work  ? 

If  the  same  progress  is  made  in  the  next  ten  years  as  has  been 
achieved  in  the  past  decade,  there  will  be  more  of  a  possibility 
of  our  capitalists  adopting  electricity  for  steam  in  railroads. 

Three  different  members  have  asserted  that  I  have  estimated 
too  high  by  fifty  per  cent,  in  three  different  items.  I  do  not 
desire  that  my  figures  shall  be  taken  as  absolutely  correct^  but 
I  would  like  to  have  a  comparison  of  cost  by  parties  who  are 
familiar  with  electrical  and  mechanical  estimates,  from  a  consci- 
entious point,  made  upon  the  same  basis  which  I  have  esti- 
mated. I  shall  be  perfectly  happy  to  acknowledge  any  errors 
which  I  may  have  made,  and  will  be  only  too  glad  to  cut  down 
the  apparently  enormous  first  cost  of  even  one  section  of  the 
suggested  railway  plant. 

A  specially  devised  method  oi  feeders  would  possibly  reduce 
the  cost  of  the  copper  circuit,  but  at  present  I  do  not  see  wherein 
even  this  could  be  accomplished,  unless,  perhaps,  a  three-wire 
system  should  be  used,  but  which  would  involve  a  further  cooc^- 
plication  of  carriers,  etc.     One  thing  certain  is  that  to  carry  3C50 
H.P.  at  2,000  volts,  with  20 j»  drop,  requires  the  same  amount 
copper  for  conductors,  whether  the  latter  be  composed  of  one  * 
is  subdivided.     I  have  taken  as  a  basis  the  lowest  possible  ge:3 
orating  capacity,  and  an  increase  of  this  simply  means  addition- 
first  cost,  and  some  of  our  heavy  locomot.ves  surely  develop 
much  higher  amount  of  power  at  certain  times  than  3U0  H.P. 
have  also  estimated  upon  only  one  motor  being  in  operation 
the  30-mile  section,  whereas  it  would  not  be  a  very  paying  roa — ^ 
which  would  operate  under  such  a  condition.     More  than  a 
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motor  upon  the  section  at  the  same  time  involveB  a  still  farther 
increase  of  generating  plant  and  conductors. 

I  have  only  presented  the  latter  thoaghta  to  show  that  I  do 
not  think  my  estimate  too  high, 

Mr.  WiSia  E.  ffiiff  *— The  figures  presented  by  Mr.  Soheffler 
would  appear,  on  their  Hurface,  to  eliminate  all  chance  of  a  suc- 
cessful railroad  with  electricity  as  the  driving  power.  They  but 
present  the  conditions  which  one  would  be  apt  to  meet  were  he 
to  start  to-morrow  and  attempt  to  establish  a  line  of  some  30 
miles  in  length,  transmitting  and  using  only  appliances  which 
are  in  successful  general  use  at  the  present  time.  We  do  not 
know  if  Mr.  Scheffler  is  a  representative  or  an  advocate  of  the 
high  potential  system  of  transmitting,  but  he  will  probably 
recollect  and  can  review  the  somewhat  unpleasant  struggle 
which  it  was  necessary  to  pass  through  before  the  proper 
authorities  and  the  public  were  willing  to  accept  high  tension 
currents  as  a  safe  method  of  transmitting  and  distributing  the 
power  in  question,  aside  from  its  economical  value.  Whichever 
side  Mr.  ScheflSer  may  take  in  regard  to  low  or  high  tension 
currents,  he  must  at  least  acknowledge  vast  strides  in  this  direc- 
tion within  the  last  few  years.  The  jump  from  2,000  or  3,000 
to  10,000,  and  now  to  SO.Qf'O,  as  in  a  plant  under  couatruction  in 
Bngland  and  soon  to  be  placed  in  operation,  goes  forcibly  to 
indicate  the  sense  of  appreciation  of  the  economical  side  of 
electric  transmission. 

In  regard  to  the  estimate  which  Mr.  Scheffler  makes  for  the 
driving  power,  if  such  an  application  of  transmitting  were  put 
in  play  it  is  hardly  likely  any  one  would  pay  $10,000  for  a  360 
H.P.  engine,  nor  would  it  hardly  be  expected  a  dynamo  of 
the  siime  power  would  be  placed  at  a  $12,000  figure.  Mr. 
Scheffler  is,  I  presume,  well  aware  that  with  any  commodity  an 
increase  in  demand  invariably  reduces  the  cost  to  a  correspond- 
ing extent,  and  also  well  aware  that  the  electric  motor  business 
is  now  in  its  infancy,  and  the  figures  now  charged  are  but  tem- 
Jiorary.  The  case  cited  V»y  Mr.  Forsyth  illustrates  the  point  in 
»  very  practical  way.  There  has,  probably,  never  been  a  new 
:£eld  into  which  the  public  can  enter  so  freely  as  that  of  the 
■manufacture  of  electric  dynamos,  motors,  and  appliances.  It 
aeems  to  be  merely  a  question  of  evading  patented  details,  which 
mechanical  ingenuity  so  much   succeeds  in  doing  with  devices 
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similar  to  those  which  are  necessan^  to  properly  apply  electric 
power.  It  is  to  be  regretted  that  Mr.  Scheffler  did  not  go  farther 
and  undertake  to  detail  the  cost  of  the  operation  of  a  steam 
railroad  when  locomotives  are  used  in  contradistinction  to  motors 
driven  by  electricity.  It  was  at  this  point  that  the  writer  stalled, 
and  must  now  confess  the  advantages  to  be  gained  are  perfectly 
clear,  yet  of  such  a  nature  as  to  be  evident  only  to  those  who 
have  a  daily  acquaintance  with  practical  railroad  working. 

It  should  be  understood,  of  course,  that  it  is  not  intended  that 
the  introduction  of  electricity  for  the  purpose  in  question  wonld 
be  to  the  complete  extermination  of  the  locomotive,  any  more  than 
we  would  expect  or  do  find  the  use  of  the  same  power  for  light- 
ing is  to  the  utter  exclusion  of  gas.  It  is  apparent  why  the 
latter  consumption  has  increased  with  the  use  of  electricily  for 
lighting  purposes,  and  we  would  as  soon  learn  that  the  easiest 
handled  power  is  very  apt  to  be  made  the  most  economical,  in 
the  same  way  that  mankind  follows  the  law  of  nature  in  endeav- 
or iug  to  find  and  introduce  the  line  of  least  resistance  in  aU 
work.  A  larger  field  would  soon  be  found  for  steam  than  at 
present,  while  we  would  also  be  making  a  step  toward  further 
conviction  that  the  least  manual  power  called  for  is  to  the  ad- 
vantage and  comfort  of  all  concerned. 

The  words  of  Mr.  Thomas  Morgan,  Sr.,  are  particularly  intei^ 
estiug  and  of  the  same  tenor  as  when  the  writer  suggested  the 
use  of  electric  motors  for  running  overhead  travelling  cranes, 
and  which  he  has  since  proven  conclusively  to  himself  and 
to  others  is  the  only  proper  method  of  driving  them.  The 
ratlier  endorsing  nature  of  Mr.  Morgan's  remarks,  coming  from 
a  man  of  his  experience,  is  encouraging  to  those  of  us  who  hope 
and  expect  to  live  to  see  the  steam  railroads  of  the  country 
driven  by  electricity,  or  even  some  more  mechanical  means  than 
at  present  in  use. 

The  discontinuance  of  shafting  and  belting  by  motor  trans- 
mission, which  Mr.  Morgan  mentions,  brings  out  another  point 
which  we  are  soon  to  see  started — the  use  of  individual  motors 
to  drive  each  individual  machine. 

The  r^O >■  grade  referred  to  in  debate  was  a  misprint^  and  has 
been  corrected  to  its  proper  figure — a  15^  grade. 


From  Voluine  XI.  TransactloiiB. 
^   IBead  at  the  Cineinnati  Mttting  of  the  Amer.  Sue.  of  ^eduinkal  Eiiyin. 


CCCXCl. 
THE  EFFICIENCY  OF  LOCOMOTIVES. 


EvKK  since  Mr.  D,  K.  Clark,  by  his  masterly  Eeries  of  experi- 
Pineiite  forty  years  ago,  demonstrated  the  existence  of  cylinder  eon- 
■"densation.  the  object  of  by  far  the  greater  number  of  improve- 
■inents  which  have  been  made  in  steani'  engines  has  been  to  improve 
liihe  distrihntion  of  steam  in  the  cylinders,  and  to  mitigate  the  losses 
:  from  iiqnefaction  during  the  earlier  stages  of  expansion 
md  re -evaporation  during  the  later.     Objections  against  the  ehift- 
Hng  link  vaive-gear,  invented  by  Howe,  but  commonly  known  as  Ste- 
K^heneon's,  have  been  raised  so  often  and  nrged  so  persistently,  that 
iiiany  appear  to  take  for  granted  tliat  it  is  a  wasteful  and  inefficient 
pidevice.     Wliile  it  undoubtedly  has  faults,  whose  existence  it  would 
be  absurd  to  deny,  its  many  advantages  wfinld  seem  to  be  a  suffi- 
cient guarantee  of  future  use  as  extended  as  its  past.     The  two 
principal  charges  against  it  are  (a)  llie  slow  opening  of  the  ports 
for  steam  admission,  causing  wire-drawing  and  loss  of  pressure,  and 
(A)  the  early  closing  of  the  exhaust,  creating  an  undue  amount  of 
compression. 

A  perfect!}' horizontal  admission  line  and  a  sharply  defined  point 
of  cut-off  on  an  indicator  card  are,  of  course,  desirable,  but  a  con- 
siderable deviation  from  them  is  possible  before  a  really  appreciable 
reduction  of  the  mean  effective  pressure  takes  place.  The  excellent 
means  of  balancing  slide-valves  now  in  use,  unpatented  and  free 
to  all,  permit  ports  of  large  area  to  be  employed,  while  the  sup- 
plementary port  of  the  Allen  or  Trick  valve  is  a  valuable  aid  in 
overeomiTig  the  fault  of  wire-drawing.  It  is,  therefore,  no  exag- 
geration to  say  in  1890,  as  Mr.  Clark  did  in  1852,  that  with  a  well- 
designed  link  motion  of  liberal  proportions  the  objection  of  wire- 
drawing is  of  no  practical  weight.  "With  regard  to  compreeeion, 
there  is  no  doubt  that  at  timeB  it  does  become  excessive,  considerably 
more  than  is  necessary  for  the  smooth  runningof  the  engine.    Eveu 
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if  we  did  not  Lave  the  evidence  of  the  indicator  as  to  this,  sabstantial 
proof  is  afforded  by  the  fact  tliat  the  main  crank-pins  of  high-speed 
locomotives  are  usually  worn  more  on  the  sides  than  on  the  top  and 
bottom,  the  pin  being  on  the  centre  when  calipered. 

Tlie  clearance  spaces  in  any  cylinder  bear  such  a  close  relationship 
to  the  compression  curve  that  they  must  enter  into  all  discussions 
of  it.  In  engines  like  the  locomotive,  where  a  single  valve  controls 
all  the  events  of  the  stroke,  it  is  undesirable  to  reduce  the  clearance 
spaces  to  less  than  7  or  8j^  of  the  piston  displacement,  for  at  short 
points  of  cut-off  the  compression  line  would  run  up  so  abruptly  as 
to  reach  initial  pressure  before  the  piston  had  reached  the  end  of 
the  stroke.  From  one  point  of  view,  the  steam  of  compression 
should  reach  a  pressure  just  sufficient  to  arrest  the  motion  of  the 
piston,  crosshead,  etc.  Any  increase  above  this  detracts  unneces- 
sarily from  the  area  of  the  indicator  card,  but  does  not  diminish 
the  efficiency  of  the  engine.  On  the  other  hand,  if  compression  is 
carried  to  initial  pressure,  none  of  the  incoming  steam  is  required 
to  till  the  clearance  spaces  and  to  raise  the  cylinder  walls  to  a  tem- 
perature as  high  as  its  own.  This  is  indubitably  the  reason  why 
the  locomotive  engine  at  high  speeds  and  short  cut-offs  is  as  eco- 
nomical a  machine  as  it  is.  The  reduction  of  indicator  card  area 
caused  by  early  exhaust  closure,  and  the  large  clearance  spaces 
found  in  locomotive  cylinders,  is  often  overestimated.  A  certain 
engine,  with  a  24-inch  stroke  and  worked  with  160  lbs. boiler  press- 
ure, has  clearance  spaces  equal  to  10;?^  of  the  piston  displacement. 
When  cutting  oft' at  6  inches  it  has  been  found  necessary,  to  insure 
smooth  running,  to  compress  to  54  lbs.  To  do  this,  the  exhaust 
must  be  closed  at  15.28  inches  on  the  return  stroke.  Suppose,  now, 
it  was  possible  to  reduce  the  clearances  to  2jif,  steam  being  cutoff  at 
6  inches  as  before.  To  compress  to  54  lbs.  the  exhaust  must  close 
only  after  22.25  i^'ches  of  the  return  stroke  have  been  travelled. 
Fig.  188  shows  the  theoretical  indicator  cards  which  the  engine 
would  i^ive  in  each  case,  and  it  will  be  seen  that  the  M.  E.  P.,  when 
the  clearances  were  lO,']^,  is  94.6  lbs.,  sinking  to  91.8  lbs.  when  the 
clearance  was  reduced  to  2,^^. 

If  compression  takes  place  suddenly,  as  is  the  case  in  cylinders 
having  very  small  clearances,  the  heat  does  not  have  time  to  be- 
come equalized  between  the  steam  and  the  cylinder  walls,  and  the 
power  required  for  compression  will  be  in  excess  of  that  necessary 
were  the  action  to  take  place  more  gradually. 

From  the  foregoing  the  writer  has  been  led  to  tlie  conclusion 
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tTiat  altlioiigli  tlie  clearance  spaces  in  locomotive  c^'linders  are 
usually  larger  llian  desirable,  there  is  a  limit,  prettj  aliarply 
defined,  below  which  it  is  prejiidicia,!  to  go  in  reducing  them,  pro- 
vided the  link  motion  is  retained. 

In  caees  where  excessive  compression  has  been  foand  to  limit  the 
power  of  high-speed  locomotives,  a  little  inside  clearance  to  the 
valves  has  been  of  great  benefit  in  redncing  it.  This  remedy  might 
be  advantageously  used  far  oftener  than  it  is,  and  would  materially 
lessen  the  force  of  the  objections  erroneously  urged  against  the 
link  motion. 
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Tlie  influence  of  clearance  spaces  as  affecting  the  nominal  poin^ 
of  cut-off  and  the  terminal  pressure  has  been  treated  of  so  ofte- 
tliat  no  mention  need  be  made  of  it  here. 

To  overcome  the  evils  of  cylinder  condensation  and  re-evapo- 
ration, (1)  steam-jacketing,  (2)  superheating,  and  (3)  compounding 
have  been  suggested  and  tried. 

That  steam-jacketing  the  cylinders  of  a  locomotive,  taken  hy 
itself  and  not  in  connection  with  compounding,  would  result  in 
some  little  saving  may  be  taken  as  certain,  provided  sufficient 
means  of  draining  were  used.  The  application  of  jackets  to  the 
cylinders  of  an  ordinary  locomotive  by  Mr.  Borodin,  of  Kief, 
Russia,  showed  a  mean  economy  ot  steam  of  about  13;(.     This, 
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however,  is  probably  much  greater  than  could  be  expected  in  regu- 
lar day-in,  day-out  service,  and  it  is  still  further  probable  tliat  the 
expeuse  of  couBtructing  and  inaintaiuing  the  jackets  would  more 
than  neutmlize  the  benefit  derived. 

Superheating  the  boiler  steam,  to  the  degree  of  increasing  its 
preBBure,  before  admitting  it  to  the  cylinders  has  been  tried  several 
times  in  locomotive  practice,  and  as  often  abandoned.  Tbe  chief 
difficulties  met  with  were  :  (a)  The  expense  of  providing  and  keep- 
iDg  up  the  fiHperheating  apparatus ;  (b)  the  difficulty  of  Inbrication, 
owiog  to  tho  vaporization  of  the  Inhricante  at  the  high  tempera- 
ture ;  (c)  the  imposBibility  of  preventing  leakage  at  tiie  stuffing 
boxes,  all  vegetable  packings  charring  with  tlie  heat  and  becoming 
worthiesfl.  Nor  is  it  likely  that  the  metallic  packings,  now  bo 
largely  used,  wonid  he  able  to  overcome  this  last  difficulty,  for,  with 
a  possible  exception  or  two,  their  prominent  feature*  are  steel 
springs  and  white  metal  rings.  Tlie  springs  would  gradnally  lose 
their  temper  and  become  useless,  while  tlie  soft  riugs,  fusible  at 
teraperaturefl  of  from  250°  to  400°  Fahr.,  would  melt. 

The  Chicago,  Burlington  &  Qnincy  Railroad  Company,  between 
the  yeans  1870  and  1874,  weut  fully  into  the  snbject  of  superheat- 
ing. In  these  experiments  the  front  tube  sheet  of  the  engine  was 
set  back  into  the  barrel  of  the  boiler  some  distance  from  itB  nor- 
iDal  position.  In  the  space  thus  left  was  fitted  a  separate  cylinder, 
filled  with  tubes  tJirough  which  the  products  of  combustion  had  to 
pass  on  their  way  to  the  atmosphere.  The  dry  pipe  entered  this 
cylinder  at.  the  top,  and  the  steam,  after  circulating  among  the 
tubes,  and  becoming  superheated  in  doing  so,  passed  to  the  cylin- 
ders of  the  engine  through  pipes  connected  to  t!ie  bottom  of  the 
Buperheater.  The  resulting  economy  was,  however,  more  than  off- 
set by  the  expense  of  keeping  np. 

The  advantages  claimed  for  compounding  are  two  in  number. 
First,  economy  in  tlie  use  of  steam  and,  consequently,  fuel;  and, 
secondly,  a  more  uniform  pressui-e  on  the  cranks.  The  latter,  al- 
though largely  incidental,  is  held  by  some  engineers,  rightly  or 
wrongly,  to  be  the  greater  ol  the  two,  as  a  more  uniform  craiik- 
presBure,  followed  to  a  logical  conclusion,  means  greater  durability 
of  parts,  and  a  possible  lengthening  of  tlie  life  of  tires,  caused  by 
the  reduction  of  wheel-slipping. 

It  ifl  tolerably  certain,  though,  that  were  this  to  begin  and  end 
the  advantages  derivable  from  compounding,  the  continuance  in 
favor  of  the  ordinary  single  expansion  engine,  to  tho  exclusion  of 
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'lie  compound,  would   be  assured.     The  economy  shown  by  the 

Compound  locomotive  ia  usually  attributed  to   the   leBBeninj^   of 

''jHnder  condensation,  dne  tu  reducing  the  range  of  temperature 

per  cylinder.      When    engines  with  well- protected  cylinder   are 

'"mining  at  high  speeds,  it  is  hard  to  understand  how  condenaation 

•^n  take  place  to  auy  hurtful  extent.     The  writer  has  examined  ft 

'srge  number  of  cards  taken  from  loconiotives,  at  speeds  ranging 

^'"om  40  to  65  miles  per  hour,  but  has  been  unable  to  detect  any 

f^cc  of  either  condensation  or  re-evaporation.    Supposing,  though, 

*nat    some   small   amount   of   steam,  say  7^,  was    condensed    at 

®**c;h   stroke,   why   expanding  in  two   cylinders,   one   presenting 

^^ice  the  area  of  the  other,  should  diminish  it  ia  almost  beyond 

*-**»^ prehension.     At  slow  speeds,  however,  the   benefit  of   eom- 

^***-"^nding  is  beyond  dispute,  as  witness  the  success  of  the  system 

^   '^t'Ji  in  marine  and  stationary  work  ;  but  the  bulk  of  the  compound 

^^^motives  so  far  built  baa  been  for  express  passenger  traffic.     If, 


I'- 


,  the  increase  of  boiler  pressure  wbieh  has  almost  invariably 
-^,1  introduced  with  compounding  cannot  be  held  accountable  for 
**-«  economy  claimed,  it  would  si^m  that  Sir  Frederick  Bramwell 
-^/^*nck  the  right  key  when,  in  a  lecture  delivered  by  him  in  1877, 
^^  ^  said :  "  There  is  no  doubt  that  the  double-cylinder  engine  is  the 
^^■fcgine  of  the  present  day.     I  do  not  think  its  economy  really  lies 
*■  "»i  its  principle,  but  tbat  its  economy  in  practice  arises  from  another 
filing  altogether,  and  that  is  this :  That  by  making  a  double-cylinder 
Engine  you  put  it  out  of  the  power  of  an  ignorant  engine-driver  to 
^o  away  with  tbat  which  you  want — high  expansion.   He  must  get 
liigh  expansion;  he  is  compelled  to  use  it,  whether  he  likes  it  or 
not.     Whereas,  with  the  single-cylinder  expansive  engine,  he  has 
the  power  to  follow  the  dictates  of  his  own  ignorance;  and,  as  a 
matter  of  observation,  I  have  hai-dly  ever  seen  such  an  engine  left 
to  tlie  control  of  an  engine-driver  but  it  invariably  worked  at  the 
lowest  possible  grade ;  and,  as  I  have  said,  I  believe  that  this  with- 
drawal of  control  is  to  a  large  extent  the  secret  of  the  success  of 
the  compound-cylinder  engine." 

Locomotive-engine  runners  are  notoriously  disinclined  to  run 
their  engines  with  a  full-open  throttle,  and  to  regulate  the  power 
of  the  engine  by  the  vaJve-gear.  But  it  will  not  do  to  make  so 
sweeping  an  assertion  about  American  runners  as  Sir  Frederick 
Bramwell  did  about  the  English,  for  the  design  of  the  steam-dis- 
tributing gear  on  many  locomotives  is  such  that  the  engines  cannot 
be  handled  entirely  with  the  reversing  lever.  When  in  coinponnd- 
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ing  we  get  an  engine  wliich  must  be  worked  expansively,  irrespec- 
tive of  the  shortconjings  of  the  valve-gear,  it  is  obvious  that  good 
results  must  follow. 

The  idea  of  applying  the  principles  of  compounding  to  locomo- 
tives appears  to  have  originated  with  John  Xicholson,  a  "driver" 
in  the  eniploj'  of  the  Eastern  Counties  Railway  Company  of  Eng- 
land, now  a  portion  of  the  Great  Easteni  system,  about  the  year 
1850,  althou«rh  there  exists  sonie  doubt  as  to  this.  In  1832  James 
Samuel,  the  locomotive  superintendent  of  the  same  company,  read 
a  ])aper  before  the  Institution  of  Mechanical  Engineers,  on  "  A 
Continuous  Expansion  Steam-engine."  In  this  paper,  regrettably 
short  and  meagre,  he  gave  some  particulars  of  the  perfonuance  of 
two  compound  or  continuous  expansion  locomotives,  built  appar- 
ently in  accordance  with  Nicholson's  suggestion. 

The  cylinders  of  these  engines  were  placed  outside  the  frames, 
in  a  similar  position  to  those  of  the  American  engine  of  to-day, 
and  were  15  and  17^  inches  in  diameter  respectively,  the  ratio  thus 
being  1 :  1.360.     The  method  of  working  was  to  supply  boiler 
steam  to  the  smaller  or  high-pressure  cylinder,  and  to  allow  a  por- 
tion of  it  to  be  expanded  into  the  larger  or  low-pressure  cylinder, 
the  amount  being  regulated  to  equalize  the  power  of  the  two  cylin- 
ders.    After  an  expansion  to  the  lowest  useful  extent,  the  steam  in 
the  low-pressure  cylinder  was  allowed  to  exhaust  into  the  atmos- 
])here  ;  that  remaining  in  the  other  was  then  permitted  to  pass  into 
the  blast  pipe  to  urge  the  fire  in  the  usual  way.     Means  were  pro- 
vided for  admitting  boiler  steam  direct  to  the  low-pressure  cylinder* 
at  starting,  to  obviate  the  difficulties  which  would  otherwise  arise. 
These   engines   showed  an  economy  of  20j^  in  fuel  (coke)  over 
the  ordinary  engines,  when   the  latter  were  cutting  off  at  one- 
third  stroke,  the  work  performed  being  equal  in  each  case.     In 
competition  with  ordinary  engines  using  what  Mr.  Samuel  called 
"  the  usual  degrees  of  expansion,"  the  compounds  gave  an  economy 
varying   from    54   to   85;!^,  and   in    some   instances  even    highei 
But  it  must  be  remembered  that  in  those  days  the  benefits  accm 
ing  from  expansion,  although  known,  were  not  fully  realized,  and 
it  was  no  uncommon  thing  for  the  valves  controlling  the  admission 
of  steam  to  the  cylinders  to  be  almost  line  and  line  outside,  giving 
a  cut-off  of  about  ^^  stroke. 

In  the  course  of  his  most  interesting  paper  the  author  laid  down 
the  following  important  proposition  :  "The  greatest  useful  effect 
is  obtained  from  the  steam  when  it  is  allowed  to  expand  in  the 
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cylinder  until  ite  pressure  upon  tlic  piston  just  balances  all  the  use- 

'ess  reBiBtauces  of  the  friction  of  the  eugiue  iteelf,  and  the  resieting 

pressure  on  the  back  of  the  piston  {whether  the  presanre  of  the 

atmosphere  iu  a,  high-pi-essure  engine,  or  the  uneondensed  vapor  in 

'  condensing  engine),  the  surplus  power  beyond  these  ufcless  resist- 

fl/iCfs  being  alone  available  for  the  purposes  to  which  the  engine 

'8  applied."     Although  this  may  Bound  like  the   veriest  truism  at 

'tie  present  day,  its  full  significance  is  possibly  not  nniversally  rec- 

''S-nfzed. 

vVhiit  disposition  was  finally  made  of  these  two  engines,  and  why 

^**eir  type  was  not  perpetuated,  the  writer  has  been  unable  to  ascer- 

"****~* .     Besides  being  remarkable  as  the  first  compound  locomotives 

^^S*  built,  they  are  notable  from  the  fact  that  the  essential  features 

their  design,  with  the  exception  of  the  curions  provision  made 

*~    the  blast,  and  the  economy  in  fuel  claimed  for  them,  are  almost 

^^intical  with  those  of  one  of  the  eystenis  now  in  vogue. 

The  next  advocate  of  compound   locomotives  was   the  French 
*~*"gineer   Morandiere,  who   in   1866  proposed  an   engine  having 
"*A.re»!  cylinders,  one  high  pressure  and  two  low.     His  proposal,  how- 
^X/er,  never  assumed  a  tangible  shape,  and  it  is  to  this  country  that 
^lie  honor  holungs  of  actually  eonetrncting  the  first  compound  loco- 
*~*iotive  since  Nicholson's  time.     About  ISTO  the  Remingtons,  at 
"tlieir  works  at  llion,  N.  Y.,  built  a  compound  steam-car  for  the 
"Worcester  &  Shrewsbury  Railroad  Company,  for  suburban  trafHe. 
Two  cylinders,  one  5  x  12  inches  and  the  other  8  x  12  inches  (ratio, 
1:2.5)  were  used,  with  means  of  supplying  boiler  steam  to  the 
larger  cylinder  as  occasion  required.     This  engine  gave  good  satis- 
faction until  its  withdrawal  from  service  a  few  years  ago. 

In  1873  the  late  Mr.  William  S.  Hudson,  the  superintendent  of 
the  Rogers  Locomotive  Works,  was  granted  a  patent  for  a  com- 
pound locomotive,  a  feature  of  which  was  a  superheater  placed  in 
the  smoke-box.  Two  cylinders  were  to  be  used,  the  high-pressure 
"  being  only  about  tiiree-fonrths  the  diameter  of  the  other."  Like 
Morandiei-e's  design,  that  of  Mr.  Hudson  was  never  put  in  practice. 
In  1876  Mr.  Anatole  Mallet  designed  and  had  built,  at  the 
Creusot  Works,  in  France,  the  three  famous  compounds  for  the 
Bayoime  &  Biarritz  Railway — engines  whose  marked  success 
unquestionably  led  to  tiie  more  or  less  general  introduction  of 
compound  locomotives  which  has  taken  place  within  the  hist  ten  or 
twelve  years.  The  history  of  tiiis  type  of  engine,  from  1876  until 
now,  is  so  well  known  that  further  notice  here  would  be  Buper> 


8  THE  EFFICIENCT  OF  LOOOHOUVJSB. 

iluoiiB.*  Suffice  to  saj,  tliHt  two,  three-,  and  foor-vjlinder  com- 
poiinde,  to  the  nnmber  of  several  hundreds,  are  now  at  work  in 
TftrioHB  parts  of  the  world,  mostly  in  England,  France,  and  Ger- 
many, the  resulting  economy  ranging  between  10^  and  25!(. 
Two  compound  engines,  one  with  two  and  the  other  with  fonr 
cylinders,  of  American  design  and  build,  are  now  under  trial  in 
this  country,  but  as  they  have  been  in  operation  but  a  short  time 
no  reliable  data  as  to  tlieir  performance  have  been  collected. 

Within  limits,  imposed  by  practical  considerations,  increase  of 
boiler,  or,  more  properly,  initial  pressure  adds  to  the  efficiency  of^ 
the  steam,  ns  the  annexed  diagram  (Fig.  156),  starting  with  20  lbs., 
absolute  and  terminating  with  300  lbs.,  showe.  In  plotting  this 
curve,  the  steam  was  taken  as  being  expanded  down  to  atmospheric 
pressure,  a  condition  highly  undesirable  for  a  non-conden^ng  engine, 
but  not  affecting  the  relative  efficiencies.  For  a  specific  illustn- 
tion,  take  the  difference  in  the  effioiencios  of  steam  at  140  lbs.  and 
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200  lbs.  gaiige-presaure  (155  and  215  Ibe.  absolute,  respectively). 
The  temperature  of  the  former  is  361°  Fahr.,  and  that  of  the 
latter  388°  Fahr.,  a  difference  of  27°.  The  extra  quantity  of 
fnel  required  to  be  burned  to  bring  about  this  increase  of  tem- 
perature is  small,  2!<t  of  the  amount  required  for  the  generation  of 
the  361  steam  being  over,  rather  than  under,  the  mark.  The 
smallneEs  of  this  percentage  is  due  to  the  fact  that  the  latent  heat 
of  the  steam  at  the  two  pressures  is  practically  the  same;  conse- 
quently the  increments  of  heat  go  almost  entirely  to  raising  the 
temperature.  If  the  steam  in  each  case  was  expanded  to  25  Ibe. 
absolute,  the  efficiency  of  the  140  lbs.  steam  (assuming  expansion 


*  During  tUis  period,  the  Dunbar  compound,  having  four  cjlinden  arranged 
tandem,  wns  ran  for  a  short  lime  on  the  Boston  ft  Albaoj.  Its  perfonnBiic* 
did  not  justlfv  its  eiiBtcnce,  and  it  was  changed  into  an  ordinal;  engine. 

f  The  exact  detenni nation  of  tbii  qnantltj  is  impa«sibl«,  for  obviona  Teasona, 
although  the  requisite  number  of  heat-units  is  knoivn. 
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to  take  place  in  ncL'ordance  n-itli  Boyle'a  law,  P  V=  constant), 
caJc-ulated  by  llie  well-known  formula, 

would  be 

(461  +  361)  -  (481  +  2M-1)  _ 

(48i  +  3lil)  -"■'». 

ar»«i  that  of  tlie  200  lbs.  eteatii  woulij  be 

(461  +  3f8)  -  (461  +  2401)  _  ,,  ,^ 
(461  +  388)  *' 

a*!  increase  of  15-5*. 

Correcting  for  tlie  additional  fuel  conenmed,  tlie  actnal  incrcsEe 
*^^  efficiency  wonld  be 

^.15.5  =  15.1^. 

^nerease  of  preeanre,  however,  neceseitateR  greater  stiengtli  and 
weight  in  the  co:iiponent  gmrtfi  of  tlie  boiler. 

If  tlie  tliickneBS  of  the  platee  forming  the  cylindrical  portion  of 
a  boiler  designed  for  the  lower  pressure  is  -j^  of  an  inch,  |-incli 
material  innst  be  need  in  conetrticting  a  boiler  for  the  higher  preea- 
nre, provided  the  same  dirtmeter  of  barrel,  the  same  factor  o£ 
safety,  and  the  smne  quality  of  plate  and  style  of  riveting  are 
retained.  As,  however,  the  efficiency  of  200  lbs.  steam  is  greater 
than  that  of  140  lbs,,  the  cubical  capacity  of  the  boiler  may  be 
reduced  somewhat;  but  as  the  fire-box  must  be  kept  of  at  least  the 
same  dimensions  as  before,  in  order  to  prevent  an  nndnly  high 
rate  of  cornbnstion  per  unit  of  gi'atc  area,  any  saving  in  this  direc- 
tion wonld  be  insignificant.  Besides  the  barrel  plates,  those  of  the 
fire-box,  together  with  all  stays,  braces,  etc.,  must  be  increased  in 
proportion. 

Supposing  the  140-lb.  boiler  to  weigh  18,000  lbs.,  the  other 
wonld  weigh  about  25,000  lbs.,  or  7,000  more.  Estimating  the 
price  of  a  locomotive  boiler  to  be  10  cents  per  pound,  this  would 
add  x700  to  the  cost. 

Regarded  merely  as  additional  weight  to  be  hauled,  this  increase, 
amounting  to  less  than  half  the  weight  of  an  empty  box -car,  would 
not  at  ail  seriously  diminish  the  gain  to  be  derived  from  the  high- 
pressure  steam  ;  hut,  uTifortunately,  it  must  be  carried,  for  the  most 
part,  by  the  already  heavily  loaded  driving-wheels  of  the  engine, 

A  gauge-pressure  of  200  lbs.  per  square  inch  would  seem  to  be 
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Kabout  HB  high  SB  is  desirnble  to  go  in  effortfl  to  increase  the  cfB- 
[  eieney  of  the  steam.  Steel  plates,  wliieh  are  now  iiBcd  almost 
l-exeiusively  in  locoTnotive  work  in  tliis  country,  becomo  unreliable 
wat  A  temperature  of  about  450°,  and  it  ia,  of  eoiirse,  impunitive  to 
I  keep  well  within  the  bounds  of  absolnte  certainty  and  eitfetj. 
I  Besides  this,  the  objectious  which  obtain  in  tlie  case  of  superheated 
i  Bteatn,  and  cntiiiicrated  farther  on,  apply  with  equal  force  to  satu- 
•  rated  eteaio  of  very  hij^h  tendon. 

It  may  be  pertinent  to  say  liere  that  there  is  no  difficulty  what- 
ever in  obtaining  steel  plates  for  boiler  work  thoroughly  uniform 
and  reliable.  In  tlie  shops  iu  which  the  writer  is  employed,  with 
tlie  exception  of  a  few  copper  fire-box  boilers  built  for  South 
L  Aniericta,  nothing  but  steel  has  been  used  for  this  purpose  in  live 
'  years.  Steel  for  stay  bolts,  on  the  other  hand,  is  not  an  unqnali-  ' 
fied  snuceas  ;  and  several  locomotive  ni,en  have  gone  bauk  to  iron  ae 
being  the  better  material. 

During  the  last  two  or  three  years,  in  order  to  avoid  the  exces- 
sive weight  per  wheel  entailed  by  large  and  heavy  boilers,  several 
railroad  companies,  running  fast  passenger  trains,  have  discarded 
the  "American,"  the  generally  accepted  type  of  passenger  loco- 
motive, for  a  six-eoupled  engine  of  the  "Mogul"  or  ten-wheeled 
f  type.     Engines  of  this  kind  permit  of  a  large  adhesive  weight  I 
while  keeping  the  static  load  per  wheel  within  reasonable  limits;  I 
but,  owing  to  the  great  weight  per  foot  run  <if  driving-wheel  base,  ] 
are  more  destructive  to  bridges — except  those  of  ^ery  short  span — •  I 
than   their  predecessors.     With    respect   to   increase   of   internal 
resistances  caused  by  adding  to  the  number  of  driving-wheels,  it 
is  the  firmly  rooted  belief  of  many  engineers,  notably  in  England, 
that  a  "  single  "  engine,  having  but  one  pair  of  drivers,  runs  more 
freely  at  high  speeds  than  one  having  two  pairs  of  drivers,  and  so  i 
on,  owing   to  the  multiplication  of  bearings  and    the  consequent 
increase  of  friction.     Nobody,  so  far  as  the  writer  is  aware,  has  j 
ever  produced  any  evidence,  apart  from  generalities,  to  prove  this; 
but  it  may  well  be,  and  undoubtedly  is,  true  in  cases  wliere  tlia  ] 
road  run  over  abounds  in  frequent  curves  of  short  radius.     On   | 
lines  having  a  large  percentage  of  tangents,  however,  the  writf 
has  not  been  able  to  notice  any  appreciable  difference  in  freedoi 
of   rirnning  between  engines  of   the  "American"  type  and  tei 
wheelers.     Although  the  use  of  eix-coupled  engines  for  pasfenger  I 
servifc  lias  afforded  some  substantial  relief  to  the  overburdened  | 
wheels  of  the  four-coupled  macbines,  the  demand  for  greater  power  1 


THE  EFFICIENCY  OF  LOCOMOTITEB.  11 

's  alwaye  preaeiit,  and  in  some  recent  jnetaiicee  tlie  d riving- wlieele 
of  paaseiiger  "Moguls"  and  ten-wheelere  carry  as  lieavy  a  weight 
*s  the  maintenanee-of-way  engineers  will  countenance. 

Few  locomotive  engineers  wonid  iidmit  tlie  desirability  of  ruii- 
liiijr  8  coupled  engines  of  the  consolidation  or  12-wlieeled  types 
•■t  high  sjieeds,  owing  to  the  great  weight  per  tool  run,  and  if  it 
■=*  really  essential  that  more  power  he  forthcoming,  some  radical 
-l»  angd  in  locomotive  construction  is  inevitahle. 

It  may  safely  he  stated  that  no  locomotive  iiuilt  during  the  last 

t"%^enty  years  has  heen  deficient  in  adhesive  weight  atter  once  get- 

ti  ug  its  train  well  in  motion,  notwithstanding  the  slight  and  iinre- 

■  i.  able  evidence  adduced   to  the  contrary.     In  other  words,  the 

'•TKiean  effective  pressure  in  the  cylinders  when  running  at  all  fast  is 

<:jnite  insufficient  to  cause  the  tractive  force  to  exceed  the  adheeion. 

^  feature  of  any  substantial  change  in  locomotive  design  will  then 

"|)rohahij  be  a  metliod  of  increasing  the  coefficient  of  adhesion  at 

starting,  for  altliough  many  devices  tending  to  this  end  have  been 

experimented  witli,  we  still,  in  default  of  something  better,  have 

to  rely  on  mere  dead  weight,  a  large  proportion  of  which  is  uselesB 

at  otlior  times,  to  get  the  trains  away  from  the  stations. 

The  evaporative  efficiency  of  a  boiler  depends  upon  the  nature 
of  the  fuel  burned  under  it,  and  as  anthracite  and  bituminous  coal 
arc,  generally  speaking,  alone  used  in  this  country  for  locomotive 
work,  they  may  be  considered  to  the  exclusion  of  ail  other  kinds. 
It  would  naturally  be  expected  that  as  anthracite  is  richer  in  ear- 
lion  than  the  average  quality  of  bituminous  coal  (82  and  68^ 
biiing  the  mean  of  several  analyses),  it  should  give  a  liigher  evap- 
orative duty.  Service  trials,  however,  prove  that  the  difference 
existing  is  wholly  in  favor  of  bituminous  coal,  fully  hearing  out  the 
assertion  frequently  made  by  Hremen,  that  a  tender-load  of  soft  coal 
will  go  furtiier  than  a  like  quantity  of  hard.  Recent  experiments 
on  tiie  New  York,  Lake  Erie  &  Western  Railroad,  with  high- 
class  modern  locomotives,  gave  evaporative  rates,  from  and  at  21i° 
Falir.  per  pound  of  coal,  of  5.68  for  anthracite  and  7.3  for  bituiui- 
nons.  Tiiese  figures  are  probably  somewhat  higher  than  the  aver- 
age performance  of  locomotive  boilers  throughout  the  country,  but 
represent  what  is  possible  and  what  can  be  obtained  when  the  firing 
and  handling  of  the  engine  are  done  with  reasonable  intelligence. 

The  total  evaporative  power  of  anthracite  coal  containing  82j^ 
of  carbon  is  151^  li)S.  from  and  at  212°  Fahr.,  while  that  of  hitumi 
nous  containing  58,'^  carbon  is  about  12  lbs.,  due  allowance  being 
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made  for  the  other  component  parts.     It  is  evident  that  antliracltejl 

burned  in  the  tire-boxee  of  Joootnotives,  is  an  extpavagant  fuel, 
whose  iiee  is  jnatiiied  only  by  cheapitCBg  of  cost,  or  by  eome  other  1 
qnalification  which  is  considered  itidispenBablc — cleantinose,  for  ex- 
ample. 

Mucli  higher  evaporative  performances  than  tlioae  mentioned  a 
[frefiuently  claimed,  as  much  ae  10  lbs.  of  water  per  pound  of  coal  ] 

some  cases;  but  although  such  resnlts  are,  of  conrse,  attained  i: 
Btationary  and  marine  practice,  it  is  extremely  doubtful  whether,  ] 
in  locoiiioti  rework,  they  are  actually  reached.     Whore  such  figures  I 
are  arrived  at  it  is  safe  to  asenme,  unless  the  evidence  against  doing  I 
■o  is  overwhelming,  that  large  quantities  of  water  pass  over  into  the 
[cylinders  with  the  steam,  while  a  considerable  amonnt  may  easily  I 
[go  to  waste  by  way  of  the   eatety  valves.     It  is  a  matter  of  {;i-eat  I 
ffieulty  to  detennine  the  exact  (juantity  of  water  fed  to  a  loco-  f 
motive  boiler,  as  the  time  allowed   for  replenishing  the  tank  at  I 
way-stations  is  so  short  that  the  swash  caused  by  the  rush  of  water  | 
from  the  stand-pipe  does  not  have  a  chance  to  siibside  before  being 
augmented  by  the  jolting  motion  of  the  restart-ng  train.     If  suf- 
ficient time  is  allowed  for  taking  an  accurate  reading,  the  condi- 
tions do  not  conform  strictly  to  regular  service,  as  the  time  so  lost 
must  be   made   up  again  by  increasing  the  average  speed.     The 
operation  of  a  locomotive  boiler  militates  against  a  high  duty.    Its 
exposure  to  constantly  changing  volumes  of  atmospheric  air  e 
not  but  bo  a  fruitful  source  of  loss,  and  the  remarkable  differoucea  I 
of  opinion  with  regard  to  boiler  proportions,  grates,  and  drauglit  1 
appliances,  prove  that  some   boilei-s,  at  least,  do  not  have  a  fair  J 
chance  to  perform  their  functions  in  an  economical  manner. 

From  the  foregoing,  the  efficiency  of  a  well-designed  bituminous  J 
coal  burning  boiler  may  therefore  be  taken  at 
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I  which,  considering  the  disadvantages  under  which  it  labors,  is,  the  ■ 
writer  thinks,  a  creditable  figure. 


Afr.  WtUis  E.  Hall. — The  subject  which  Mr.  Dixon  proposes  for  1 
I  discussion  is  one  to  which  too  little  attention  lias  been  given,  and  1 
[  it  is  strange,  but  true,  that  the  most  extensive  information  of  ait  1 


r 


THE  EFFlOTENcr  OF  LOCOMOTIVES. 


experimental  nature  concerning  the  efficient  working  of  locomo- 
tives in  the  hands  of  the  public  Ib  that  written  by  D,  K.  Clark  in 
his  liiiihcay  Machinery,  and  which  was  published  iu  18.52-55. 

It  is  a  very  large  field  to  be  covered,  and  information  arising 

from  experiments  testing  the  many  points  which  go  to  make  up 

the  efficiency  of  the  machine  should,  it  ia  thought,  go  toward 

reducing  the  practice  to  a  standard  as  near  bb  this  can  be  done. 

The  compression  question  is  dependent  upon  the  conditions  of 

"»e  service,  bat  in  handling  it  care  should  be  taken  not  to  allow 

^t    to  be  too  high,  especially  with  engines  which  are  to  ran  at 

^*gh  speeds,  where,  with  the  motion  cut  back,  it  is  apt  to  choke 

''ti©  engine  and  increase  the  back-preaaure  and  thereby  interfere 

^^'itli  the  useful  working  of  the  engine.     The  percentage  of  clear- 

^■**ee  should  also  be  considered  in  connection  with  the  extent  of 

^**Ttace  which  it  exposes  for  condensation. 

Iwo  important  elements  which  enter  as  economical  factors 
1-    locomotive  performance  and  which  it  is  desired  to  mention 

1st.  Steam  distribution  and  working. 

2d.  Combustion. 

The  distribution  and  working  of  the  steam  has  been  brongltt 
Out  prominently  recently  in  the  trialw  and  discussions  of  the  ap- 
t>lication  of  compounding  to  locomotives,  cJaiming  thereby  econ- 
omy on  the  ground  of  a  decrease  in  condensation  arising  from 
the  less  expansion  of  the  steam  in  each  of  the  two  cylinders, 
although  where  the  high  and  low  pressure  expansions  of  the 
compound  are  combined  a  higher  degree  is  obtained  than  with 
a  single  cylinder.  It  ia  simply  a  case  of  one  and  one  make  two, 
and  the  percentage  of  condensation  is  dependent,  not  npon  the 
number  of  cylinders  used  in  the  expansion,  but  the  degree  to 
which  the  steam  is  expanded  together  with  that  of  the  amount 
of  surface  of  contact  from  wliich  increaaed  radiation  will  result 
That  this  is  greater  in  compounding  is  self-evident,  but  that  ap- 
parent economy  ia  found  in  expanding  in  two  or  more  cylinders 
instead  of  one  would  go  to  show  the  lose  which  has  heretofore 
been  attributed  to  the  much-talked-of  "condensation  and  re- 
evaporation"  has  been  over-estimated.  This,  too,  in  addition 
to  the  loss  which  must  arise  when  intermediate  receivers  are 
used,  whether  these  be  in  the  form  of  an  independent  vessel  or 
so-called  steam-pipes  leading  from  the  high  to  low  pressure  cyl- 
inder.   Work  cannot  be  obtained  from  steam  without  conden- 
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satiou,  and  it  looka  as  thouf-h  this  had  been  conhiaed  aud  a  larger! 
percentage  of  it  attributed  to  condensation  from  radiation  and  J 
by  the  walls  of  the  cylinder  and  passages  tlian  properly  belonged  J 
to  it. 

The  point  which  Mr.  Dixon  makes  of  removing  the  degree  ofj 
expansion  from  the  control  of  the  engine-driver  la  the  all-ini'j 
portant  one  and,  no  doubt,  the  true  secret  of  the  economy  whichl 
it  would  appear  has  resulted  from  compounding. 

Apparent  economy  is  mentioned  because,  bo  far  as  seen,  allfl 
the  trials  of  compound  locomotives  have  had  other  influencingj 
causes  which  would  themselves  produce  a  reduction  in  the  coall 
consumption  were  they  incorporated  in  the  single-cylinder  ( 
gine.     Special  reference  is  made  to  the  increased  boiler  pressure  I 
which  influences  so  much  the  economy  of  engine  ninniug.     Tol 
determine  the  true  efliciency  of  double  against  single  expansion, 
the  design  of  the  boiler  and  the  pressure  carried,  as  well  as  all 
the  other  details  of  the  construction  as  near  as  could  be,  should 
be  the  same  in  both  cases.     No  element  of  a  machine  can  bej 
tested  in  any  other  way. 

As  regards  coal  consumption,  it  is  only  necessary  to  call  at-J 

'  tention  to  the  so-called  extended  smoke-boxes  now  so  generallyJ 

'  used  on  locomotives  to  convey  some  idea  of  the  immense  amount  J 

-  of  rich  combustible    material   which  is  collected  there   to  befl 

thrown  away  at  a  figure  below  the  original  cost  of  the  coal.     AM 

..  reduction  in  its  consumption,  whether  resulting  through  higherl 

*  pressure,  compounding,  or  the  use  of  some  form  of  the  so-called  T 

vacuum  exhaust  pipes,  or  a  combination  of  all  three  elements,  is 

a  question  which  tlie  near  future  will  develop,  and  we  should  not 

lose  sight  of  the  fact  that  improved  combustion  is  as  important 

■  a  consideration  as  that  of  steam  distribution  and  working. 

Mr.  Angus  Sirirlnir, — The  portion  of  Mr.  Dixon's  paper  relat- 
,  ing  to  cylinder  compression  in  locomotives  deals  with  a  subject 
about  which  considerable  misapprehension  exists.  ^Tien  an 
engineer  first  examiues  an  indicator  diagram  taken  from  a  loco- 
motive running  fast  and  cutting  off  short,  he  is  almost  invari- 
ably inspired  with  an  ambition  to  distinguish  himself  by  re- 
forming the  locomotive.  If  he  is  so  placed  that  the  aspirations 
of  theory  are  uuchilled  by  the  demonstrations  of  experience,  he 
win  lose  no  opportunity  to  deride  the  ignorance  of  the  railway 
engineers  who  persist  in  using  an  engine  which  produces  such  a 
reprehensible  card.     If  the  would-be  reformer  gets  the  oppor- 
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,  trmity  to  arrange  the  valve  motion  of  a  locomotive  to  accord 
"witli  his  idea  of  the  eternal  fitness  of  that  mechanism,  the  engine 
"^"ill  invariably  use  more  coal  in  doing  certain  work  than  one 
equipped  with  the  much-maligned  link  motion. 

Most  of  those  who  are  struggling  to  improve  the  distribution 
of  steam  in  locomotive  cylinders  are  laboring  to  popularize  a 
delusion.  Because  certain  phenomena  would  imply  very  bad 
practice  in  a  stationary  engine,  they  argue  that  their  occurrence 
m  a  locomotive  must  prove  the  performance  of  the  engine  to  be 
defective.  The  cases  are  not  parallel.  The  locomotive  of  to- 
day is  a  machine  developed  by  a  tentative  process  to  meet  the 
xequirements  of  peculiarly  severe  and  varying  service.  The 
proportions  of  cylinders  and  their  passages  do  not  varj'  mate- 
rially among  the  locomotives  of  different  railroads  or  of  different 
countries,  and  the  proportions  are  undoubtedly  those  whicli  ])ro- 
duce  the  most  satisfactory  results  in  the  performance  of  work. 
In  no  instance  of  general  practice  has  it  been  found  desii-able 
to  make  the  proportions  of  steam  ports  approximate  to  the  sizes 
Considered  necessary  with  good  stationary  engines.  "When  thia 
important  feature  is  so  differently  proportioned  in  the  two  kinds 
of  engines,  how  can  reasonable  men  expect  that  the  distribution 
of  steam  will  be  nearly  alike  ? 

The  comparatively  small  ports  and  the  restricted  opening  at 
short  points  of  cut-off  make  a  high  compression  line  absolutely 
necessary  to  enable  a  locomotive  to  perform  fairly  heavy  work 
at  high  speed.  If  the  compression  does  not  reach  close  to  boiler 
pressure,  the  steam  line  will  drop  so  suddenly  that  the  engine 
eau  do  very  little  work  when  the  piston  speed  is  close  to  1,000 
feet  per  minute.  Increasing  the  size  of  the  card  by  reducing 
the  compression  is  a  plausible  theory,  but  in  practice  at  very 
high  speed  it  leaves  the  main  rod  to  drag  the  piston  away  from 
the  end  of  the  cylinder. 

The  men  best  able  to  judge  as  to  what  is  required  to  make  a 
locomotive  work  successfully  have  decided  that  high  compres- 
sion is  necessary.  In  many  instances,  however,  compression  is 
carried  to  excess  even  for  the  requirement  of  a  high-speed  loco- 
motive. In  such  cases  loss  of  efficiency  and  of  economy  result, 
I  can  scarcely  agree  with  Mr.  Dixon's  views  on  steam-jacket- 
ing. It  is  liy  no  means  certain  that  steam-jacketing  has  proved 
succeswful  on  any  high-speed  engine  ;  and  there  are  peculiar  dif- 
ficulties encountered  in  making  such  a  device  work  properly  on 


THE  EFHCIENOY   OF  LOCOMOTTVEB. 


B,  locomotive.  The  application  of  a  Bteam-jacket  by  Mr.  Borodin,! 
«  referred  to  in  the  paper,  proved  nothing.  Tlie  locomotive  was  ■ 
experimented  with  in  a  shed,  with  small  power  and  runniug  at 
uniform  speed.  These  conditions  are  very  different  from  the 
ordinary  work  of  a  locomotive.  Few  engineers  would  allow 
themselves  to  be  influenced  by  results  which  are  not  ohtaiued 
in  road  service.  I  have  known  of  several  very  carefid  experi- 
ments which  were  made  to  ascertain  the  value  of  steam-jacket- 
ing the  cylinders  of  locomotives,  and  in  every  instance  the  jacket 
■was  decided  to  be  of  no  value. 

I  agree  with  Mr.  Dixon  that  it  is  ban!  to  understand  how  I 
condensation  can  take  place  to  any  hurtful  extent  when  en^puea  ] 
with  well-protected  cylinders  are  running  at  high  speeds.  I  feel  I 
compelled,  however,  to  admit  that  such  condensation  does  take  | 
place,  and  to  a  much  greater  extent  than  7^  of  the  steam  ad- 
mitted to  the  cylinders,  even  though,  Like  Mr.  Dixon,  I  have  j 
failed  to  detect  in  high-speed  cards  any  trace  of  coudeusation  j 
or  re-evaporation.  There  is  so  much  of  what  Hemenway  callaJ 
I  "  initial  expansion  "  in  the  cylinders  of  high-speed  locomotives  I 
t  that  it  is  impossible  to  judge  how  much  of  the  drop  is  due  to  I 

■  condensation  or  to  wire-drawing.     Nozzles  and  contracted  steam-  ^ 

■  passages  exert  so  much  influence  on  the  exhaust  eud  of  the  card  I 
Pihat  it  is  practically  impossible  to  detect  the  signs  of  re-evapora-  I 
Ition. 

r  Even  though  that  view  is  takeu  by  such  a  high  authority  as  | 
r  Sir  Frederick  Bramwell,  I  attach  very  little  importance  to  the 

assertions  that  a  vital  element  in  making  the  compound  loco- 
motive  a  success  is  the  tei^iversatiou  of  the  ignorant  engine- 
driver  who  refuses  to  work  the   steam  expansively.     If  com- 
[  pound  locomotives  prove  successful  enough  to  make  that  form  ■ 
I  of  engine  the  railway  motive  power  of  the  future,  that  consum-  | 
I  mation  will  be  produced  by  the  same  causes  which  made  marine  J 
'  and  stationary  compound  engines  popular  with  steam  users,  viz.  J 
the  capability  of  using  the  steam  to  greater  advantage.  ■ 

Mr.  W.  0.  WeU)er. — This  subject  is  one  in  which  I  have  takeid 
a  great  deal  of  interest.     It  has  always  seemed  to  me  that  thsfl 
loco  motive -engine  was  the  most  maligned  engine  on  the  face  o|fl 
p'  the  earth.    You  always  hear  how  wasteful  the  locomotive  is ;  howl 

*  inefficient ;  how  uneconomical.  I  do  not  think  that  is  giving  thel 
^  locomotive  a  fair  show.     It  has  always  seemed  to  me  that  thai 

•  modern  locomotive  represented  one  of  the  highest   types  ot\ 
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ilie  high-speed  engine,  and  nnder  the  very  worst  possible  eon- 
litiona.  You  have  a  high-speed  engine  of  very  large  power 
znder  the  most  unstable  conditions — practically  no  foundation 
tt  all,  running  in  a  whirlwind  of  dust,  and  with  every  possible 
jondition  against  the  engine  ;  and  yet  I  think  it  is  only  fair  to 
(ay  that,  taking  the  average  of  loeomotivea  running  through- 
>iit  the  country  to-day,  and  their  performance  is  wonderfully 
ifficient,  considering  the  circumstances  under  which  they  are 
Tinning.  There  is  a  great  deal  to  be  said  about  the  manage- 
oeut  of  locomotives.  In  conducting  a  great  number  of  trials, 
>HniariIy  taken  as  coal  tests  to  determine  the  relative  values  of 
lifferent  classes  of  bituminous  coal  on  locomotives,  it  became 
eceasary  to  test  the  locomotives,  and  also  to  test  the  engineers 
Od  firemen  as  well.  I  desired,  of  course,  in  making  my  testa, 
*  got  the  best  possible  results  out  of  the  coal  being  tested  and 
'•*  engine  being  nsetl,  and  in  order  to  do  this  I  found  that  it 
*s  very  necessary  to  instruct  the  firemen  how  to  fire  the 
'gine  properly  ;  and  with  the  locomotive-engineers  very  much 

tlie  same  way.  The  latter  invariably  insist  upon  running  an 
@ine  with  the  throttle  instead  of  the  reverse  lever ;  and  right 
*■«  I  think  it  might  be  said  that  some  of  our  locomotive-build- 
5  friends  onght  to  pay  a  little  more  attention  to  the  reverse 
•'^r  than  they  do.  Superintendents  of  motive  power  of  roads 
■»^iplain  that  engineers  do  not  run  their  engines  with  the 
"\~ersp  lever.  Tlie  trouble  is  not  entirely  with  the  engineer ;  a 
»r)d  deal  of  the  trouble  is  with  the  reverse  lever.    I  have  ridden 

pood  many  tlioiisand  miles  on  a  locomotive,  and  in  very  few 
istam-es  have  I  seen  the  train  and  the  grade  and  all  the  other 
»nditions  so  proportioned  that  the  engineer  could  put  the 
;  verse  lever,  say,  in  the  8-inch  or  10-inch  notch  with  the 
irottle  wide  open  mid  keep  it  in  there  any  length  of  time  with- 
ut  losing  time  or  gaining  time.  As  he  strikes  a  down-grade  he 
as  got  to  ]m\\  Ids  lever  n]>  or  shut  off,  and  vice  verm.  I  think 
lie  reveise  lever  needs  a  gof)d  deal  of  attention.  The  ordinary 
unning  of  a  locomotive  engine,  I  think,  gives  remarkably  good 
ssults.  I  have  got  here  in  my  note-book  a  number  of  tests 
■hicli,  as  I  said  before,  were  not  made  to  test  locomotives,  but 
xtlier  to  test  the  coal ;  but  I  find  here  evaporations  running  from 
\  to  8!  and  !)  lbs.  of  water  per  pound  of  combustible,  and  the 
lel  consumed  j>er  square  foot  of  grate  surface  90  lbs.,  and 
unning    from   there    to  VM>  lbs.      These   engines   were    small 
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One  enguie  on  which  most  of  my  tests  were  made  wa* 
I  engine  with  a  fire-box  only  'd  feet  wide  and  5  feet  long,  witb'l 
fa  42-iiicli  boiler,  114  2-inch   flues,  very  small   exhaust  nnzzle^l 
r2j-inch;  engine  15"  by  22,"  and   only  740  total  square  feet  o(  I 
I  beating  surface. 

Mr.  Geo.  S.  Strong. — I  fully  agree  with  the  speaker  that  the 

[  locomotive  is  not  a  wasteful  machine  as  long  as  it  is  not  pushed 

beyond  its  capacity.     The  difficulties  which  we  have  to  deal  with 

to-day  are  the  handling  of  trains  which  call  for  1,000  to  1,500 

H.P.  and  to  handle  them  with  an  engine  which  can  economically 

develop  600  H.P.     The  American  locomotive,  or  the  ordinary 

slide-valve  engine  with  the  link  motion,  as  we  all  know,  is  capibJ 

ble  of  developing  a  horse-power  to  about  27  lbs.  of  water  whei 

[  it  is  not  overloaded.      As  our  friend  has  just  remarked,   thfiq 

I  evaporation  under  ordinary  conditions  will  run  from  5.>  to  G  lbs. ; 

but  when  we  push  it  beyond  the  economical  point  and  uudertakel 

I   to  burn  more  than  150  lbs.  of  coal  per  square  foot  of  grate.  sor-.J 

[  face,  then  the  evaporation  sinks  very  low  and  with  it  the  capacity! 

'  of  the  engine  to  do  work  when  the  cut-off  is  beyond  8  inches  orl 

I  12  inches,  and  the  engine  becomes  a  veiy  wasteful  engine.     Inl 

[  fact,  the  coal  is  lifted  from  the  grate  and  the  steam  is  not  prop- 1 

erly  expanded.     The  advantages  of  compounding,  of  course,  i 

very  largely  due  to  the  increased  expansion  more  than  the  dif-J^ 

ference  in  condensation  of  cylinders.    The  increased  capacity  oSM 

'   the  engine  due  to  the  different  steam  distribution  is  very  readily  J 

[  understood.    The  question  of  compounding  or  getting  our  espan-f 

sion  in  some  other  way  is  matter  of  choice.    We  have  shown  hyM 

tests  that  we  get  about  the  same  economy  that  theyget  out  of  tliQfl 

compound  engine.     At  the  same  time,  I  think  there  is  a  chance  ■ 

for  improvement  still  with  the  4-valye  engine  by  corapouuding. 

I  have  designed  a  compound  engine  in  which  I  regulate  the 

I  point  of  cut  off  in  the  high-pressure  cylinder  independent  of  the« 

low-pressure,  and  will  get  the  same  distribution  in  the  com-^ 

pound    locomotive   that   we   get   in   the   compound   automatiu 

engine.     With  that  engine  I  hope  to  get  a  horse-power  witiM 

18  lbs.  instead  of  27  lbs.,  as  the  ordinary  locomotive  gives.  M 

Mr.  D.  L.  Barnes. — These  statements  ought  not  to  be  made  refl 

garding  locomotives  without  some  contradiction.    1  think  it  be9 

I   hooves  the  members  to  take  more  notice  of  them.     It  is  impoa4 

sible,  with  economy,  to  expand  in  a  simple  engine  as  much  as  iqfl 

a  compound  engine,  and  it  is  a  rather  amusing  communication^ 
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has  jnat  been  read  stating  tbat  on  locomotive  engines 
lout  compression  the  driving-wheel  would  have  to  draw  the 
on  and  connecting-rod  Jiwaj  trout  the  end  of  the  cylinder, 
icnlarly  in  engines  wheie  we  are  troubled  with  pre-admis- 
to  the  extent  of  about  ^  of  an  inch.  If  there  were  no  com- 
sion  thei-e  would  be  sufficient  pre-adniiesion  to  move  the 
>n  away  from  the  end  of  the  cylinder.  It  ia  also  diCBcult  to 
irstand  the  connection  between  the  compression  line  on  the 
3atoT  card  and  the  size  of  the  steam-passages, 
ith  regard  to  running  entirely  with  reverse  levers,  it  is 
mate  for  the  railroads  of  the  country  that  the  engineers  do 
ran  that  way,  because  there  are  many  times  when  it  is  not 
.omical  to  do  so.  When  tlie  locomotive  is  priming  badly, 
t  often  does  when  steaming  hard,  the  throttle  should  be 
ially  closed  and  the  stefini  wire-drawn  a  little.  Almost  all 
motives  prime  more  or  lews  at  times. 

"ith  regard  to  the  water  evaporated  per  pound  of  coal,  I  see 
statement  is  made  that  it  is  as  high  as  9  lbs.  This  state- 
t  probably  results  from  inaccurate  observation.  A  large 
ion  of  the  water  supposed  to  be  evaporated  passes  into  the 
ider  in  the  form  of  watei-. 

4garding  the  weight  of  water  used  per  horse-power,  I  know 
o  experiment  which  accurately  records  the  amount  of  water 
.e  shape  of  steam  used  per  horse-power  on  the  locomotive. 
measurements  taken  from  the  tank  and  from  the  indicator 
■i  are  all  that  is  known  regarding  the  water  used  per  horse- 
ir.  These  indications  are  not  sufficiently  complete  to 
le  the  weight  of  steam  naod  to  be  determined. 

this  paper  I  notice  the  statement  that  "  the  writer  has 
lined  a  large  number  of  cards  taken  from  locomotives  at 
lis  ranging  from  40  to  (iS  miles  per  hour,  but  has  been 
lie  to  detect  any  trace  of  either  condensation  or  re-evapor- 
I.  Supposing,  though,  thiit  some  small  amount  of  steam, 
7:',,  was  coiidonsod  at  each  stroke,  why  expanding  in  two 
dcrs,  one  ])resentiiig  twice  the  area  of  the  other,  should 
nish  it  is  almost  beyond  comprehension."  I  would  like 
ive  any  one  who  is  familiar  with  locomotive  indicator  cards 
at  speed  deterndne  even  where  the  point  of  cut-oflf  is,  to  say 
ing  about  the  cylinder  condensation. 

tgarding  compounding  locomotives  at  alow  speeds,  the  value 
le  statement  does  not  appear.     If  compounding  is  good  at 
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slow  speeds  it  is  good  at  high  speeds — perhaps  not  equally  so, 
however.  The  reasons,  I  think,  are  obvious  to  all.  I  haTe  not 
found,  from  examination  of  all  the  engine  tests  that  I  haTe  been 
able  to  procure,  that  running  with  increased  speed  above  ordi- 
nary speed  produces  a  decrease  in  cylinder  condensation.  Bnt 
the  statement  is  here  made. 

Regarding  the  effect  mentioned  in  this  paper  of  Moguls  and 
American  locomotives  on  bridges,  I  think  the  statement  is  not 
true.     A  Mogul  locomotive  is  easier  on  a  bridge  than  an  Ameri- 
can locomotive,  for  two  or  three  reasons.    The  longer  the  bridp;^ 
the  less  the  concentration  of  wheel  loads  affect  the  bridge  as  ^ 
whole.     Again,  in  Mogul  engines  the  weight  of  reciprocatiii-fe 
parts  balanced  in  the  wheels  is  divided  among  the  wheels,  aim  ^ 
as  these  weights  in  eight- wheel  engines  produce  probably  it 
most   detrimental   action   on  the   individual   members  of  th 
bridge,  it  would  appear  that  Mogul  locomotives  are  easier  o 
bridges. 

Mr.  Louis  S.  Wright. — It  has  occurred  to  me,  while  listening 
these  arguments,  that  a  number  of  comparative  tests  of  loco--^ 
motive  efficiency  might  be  made  in  the  shop  by  standing  a  * 
locomotive  on  a  frame,  as  shown  in  Fig.  222,  and  operating  it 
on  wheels  in  place  of  rails,  anchoring  it  fore  and  aft  with  a 
spring-balance,  or  some  measuring  device,  so  as  to  register  pull- 
ing force.  This  would  reverse  the  usual  method  of  testing 
locomotives  working  under  load,  by  making  the  locomotive 
stationary  and  having  rails — which  in  this  case  are  wheels — to 
move.  The  working  load  is  made  by  applying  friction  brake 
to  the  enlarged  poi*tion  of  the  axles  of  the  wheels  in  the  frame, 
as  shown  in  the  sketch.  The  journals  of  the  axles  of  the  wheels 
in  the  frame  are  hung  on  levers,  with  a  spring-balance  at  the 
end  of  each  lever.  This  will  register  the  weight  of  the  engine 
on  the  driving-wheels,  and  the  variation  of  the  spring-balance 
on  the  levers  will  register  the  force  of  the  hammer-blow  struck 
at  the  various  speeds  of  the  locomotive  when  running.  The 
efficiency  of  the  engine  on  grade  can  be  measured  by  inclin- 
ing the  frame  on  which  the  engine  stands  to  any  grade  required 
by  pivoting  the  frame  at  one  end  and  lowering  the  other  end. 

Indicator  cards,  which  are  hard  to  obtain  at  the  high  speeds 
of  locomotive  in  service,  can  here  easily  be  made.  Amount  of 
water  and  coal  consumed  can  be  measured  with  ease.  Of 
course,  all  tests  made  in  this  way  would  only  be  comparative, 
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and  would  probably  not  agree  with  tests  made  in  actual  practice 
on  the  road,  but  at  the  same  time  they  might  give  some  very 
reliable  data.  I  do  not  know  that  anything  of  this  kind  has 
ever  been  attempted,  but  as  the  suggestion  has  offered  itself  to 
me,  I  thought  possibly  it  might  be  a  means  of  bringing  about 
some  desired  ends,  viz.,  easily-made,  reliable  tests. 

Mr.  W,  F,  Durfee, — Following  out  the  thought  which  has  just 
been  presented,  I  will  say  that  in  1852,  on  the  borders  of  Fresh 
Pond,  near  Cambridge,  Mass.,  there  was  an  arrangement  of 
precisely  the  character  suggested  used  for  hoisting  ice.  The 
locomotive  was  run  in  from  the  track  upon  two  pairs  of  friction 
wheels  beneath  the  rails,  so  placed  that  the  drivers  could  be 
run  upon  their  tops  without  touching  the  rail.  The  engine  was 
anchored  with  heavy  turn-buckle  screws  to  posts,  and  the 
power  was  taken  from  the  axes  of  the  friction  wheels  for  the 
work  of  the  ice-house.  When  they  had  finished  gathering  the 
ice  crop  the  locomotive  was  run  back  upon  the  road  for  use  in 
ordinary  service. 

Mr.  L.  S.  Randolph. — In  regard  to  the  efficiency  of  the  loco- 
motive, the  question  has  been  and  is  now  not  so  much  what  is 
the  efficiency  of  the  locomotive,  but  what  is  her  power  ?  Not 
so  much  how  many  foot-pounds  of  energy  it  will  develop  per 
100  lbs.  of  combustible,  but  how  many  cars  it  will  haul  and 
make  schedule  time. 

It  would  seem,  from  present  information  on  this  subject,  that 
the  above  view  of  the  case  is  the  correct  one ;  for  within  certain 
limits  the  efficiency  of  the  railroad  as  a  machine  for  transporta- 
tion is  of  more  importance  than  the  efficiency  of  the  locomotive, 
and,  in  fact,  the  latter  obtains  its  value  only  from  its  effect  on 
the  former. 

The  tests  of  the  efficiency  of  a  locomotive  as  usually  made 
are  not  only  exceedingly  difficult,  but  not  very  reliable.  The 
varying  factors  of  grades,  curves,  and  speed,  together  with  the 
comparatively  short  time  it  is  possible  to  give  to  the  tests  (not 
more  than  5  or  6  hours  at  the  most),  make  it  impossible  to  get 
the  accuracy  and  reliability  which  the  subject  demands.  Not 
until  we  take  a  loaf  from  marine  engineering  and  make,  as  it 
were,  "dock  trials"  of  a  locomotive  will  we  get  the  necessary 
degree  of  accuracy  and  reliability. 

With  the  locomotive  blocked  up,  a  pillow  block  substituted 
for  the  driving  box,  and  a  prony  brake  to  measure  the  power 
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•developed,  we  sLoulcl  be  Jible  to  get  with  accuracy  theeffideuoy 
<^f  the  locomotive  under  varjnng  comlitions  of  load,  speed,  etc., 
*^tlier  conditious  being  kept  uniform.  Kuowiug  these  points  ac- 
^^l-^ately,  we  could  determine  how  much  was  gained  or  lost  by 
*-*"v-^r- loading  or  uuder-loiiding  an  engine,  as  well  as  the  effect  of 
"*"**- rying  dimensions. 

i\fr.  A.  T.  Woiils. — TJiere  are  some  other  points  in  thin  paper 
^'^'liich  I  think  should  not  be  allowed  to  pass  without  comment. 
-^^r.  Dison  intimates  that  while  the  beuetit  of  [-ompouudiug  ia 
■-^■«yond  dispute  at  alow  speeds,  it  is  of  doubtful  advantage  for 
^^^presB  locumotives.     As  a  matter  of  fact,  there  are  triple  and 
^-^uadmple  expansion  marine  engines  running  at  piston  speeds 
^^i  from  aOO  to  925  feet  per  minute.     1  do  not  see  that  we  can 
«3raw  the  line  and  say  that  such  speeds  are  alow  for  engines  hav- 
ing three  and  four  cylinders,  and  that  1,000  or  1,100  feet  per 
aninute  is  fast  for  engines— such  as  compound  locomotives— in 
"which  the  steam  is  used  in  but  two  cylinders  in  succ-ession. 

Referring  to  Pig,  154,  Mr.  Dixon  states  thai  in  a  certain  case 
it  was  found  necessary  to  compress  to  54  Iba.  with  10^  clear- 
ance, and  he  then  makes  a  comparison  of  mean  pressures  on 
the  basis  of  compressing  to  the  same  final  pressure  with  but 
2';  clearance.  The  work  of  compression  is  very  different  in  the 
tn  (J  cases,  and  tin;  oompariaou  ia  thereforo  not  oori'ect. 

It  is  not  cleai'  to  me  that  the  fact  of  the  crank-pins  being 
worn,  as  the  author  states,  is  siibstantial  proof  of  excessive  com- 
pression, since  the  same  result  might  follow  from  the  variation 
in  pressure  due  to  an  early  cut-off  even  without  compression. 

Mr.   Win.  Keiif. — I  wish  to  call  attention  to  an  error  in  Mr. 

Dixon's  pai>er,  where,  on  the  twelfth  page,  the  evaporative  power 

of  anthracite  containing  82'i-  carbon  is  put  at  15|  lbs.     As  the 

evaporative  power  of  carbon  is  only  15  lbs.=  4(1  ""heat  units,  and 

the  volatile  matter  in  anthracite  is  generally  of  no  heating  value, 

the  O  balancing  the  H,  S2;<;  coal  cannot  be  considered  to  have 

ujore  than  .82  x  15  =  12.30  lbs.  evaporative  power.     Bituminous 

foal,  on  the  contrary,  contains  volatile  matter  of  great  heating 

Value.     CuTiiberliUul  semi-bituminous  is  both  theoretically  and 

Jiractically  better  than  anthracite  when  burned  in  a  good  furnace 

'  see   my  paper  on  evaporative  power  of  bituminous  coals,  in 

transactions,  Cleveland  meeting).     Bairns'  numerous  tests  will 

*io  doubt  also  coutirm  this.     I  have  just  tested  a  semi-bitumi- 

">i;ius  coal  which  gavo  only  8,42.  :.ti]i  and  refuse  coal  in  the  boiler 
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test ;  it  will  show  probably  not  over  3^  ash  by  analysis.    B^ 
anthracite  is  equal  to  this. 

I  would  also  call  attention  to  error  in  the  method  of  static 
percentages  in  Mr.  Carpenter's  paper  on  tests  of  engines  (^^ 
p.  31).     Variation  in  speed  .031,^  should  be  3.1^  or.031wi**^' 
out  the  per  cent.     This  error  is  repeated  through  the  wh^^^^ 
paper.     Mr.  C.'s  calorimeter  tests  are  exceedingly  improbat^^^ 
That  two  consecutive  tests  (see  p.  32)  should  show  0  and  9^      ^ 
moisture,  and   that   an   ordinary  tubular   boiler  (pp.20  and 
should  prime  ll,'^  (unless  its  water-level  were  at  the  top  of  fc 
boiler)  is  incredible.     I  think  Mr.  C.  is  also  in  error  on  p.  9 
allowing  2  H.P.  for  the  injector,  adding  it  to  the  engine, 
injector  taking  steam  out  of  a  boiler  and  putting  the  heat  o 
this  steam  into  the  boiler  again  in  the  water  it  feeds  on  "  con- 
sumes "  no  heat.     All  the  heat  energy  which  goes  into  the  in- 
jector reappears  in  the  boiler  again,  less  that  lost  by  radiation 
and  leakage.     (See  my  discussion  on  Prof.  Webb's  paper  on  this 
subject  a  year  or  more  ago*.) 

I  think  a  similar  error  is  made  by  the  Engine  Test  Committee 
(p.  18  of  their  paper,  second  paragraph,  "Where  an  injector  is 
used  a  deduction  is  to  be  made  for  the  increased  temperature  qf 
the  water  derived  from  the  steam  which  it  consumes  ").  When 
I  make  a  boiler  test  with  an  injector  I  take  the  temperature  of 
the  feed  before  it  enters  the  injector,  never  after  it  leaves,  and 
make  no  calculation  of  any  kind  in  regard  to  the  injector. 

J//\  W.  F,  Dixon.f — Objection  has  been  raised  to  the  state- 
ment that  although  the  benejfit  of  compounding  is  beyond  dis- 
pute at  slow  speeds,  it  is  of  doubtful  advantage  for  express  loco- 
motives, on  the  ground  that  there  are  triple  and  quadruple 
expansion  marine  engines  running  at  piston  speeds  almost 
equal  to  those  of  high-speed  locomotives. 

I  am  of  the  oi)inion  that  piston  speed  per  se  has  little  to  do  with 
the  question  of  cylinder  condensation,  but  that  the  number  of 
strokes  per  unit  of  time  is  the  important  factor.  The  length  of 
time  per  stroke  during  which  any  specified  point  of  the  surface 
of  the  cylinder  is  exposed  to  the  chilling  in  the  end  of  the  ex- 
haust is  much  shorter  in  the  case  of  the  locomotive  with  its  2-foot 
strok(}  than  with  the  marine  engine  with  its  5  feet  or  thereabouts. 

As  to  the  accuracv  of  the  statement  that  anthracite  contain- 

•*  Trans.  A.  S.  M.  E.,  Vol.  X.,  p.  341. 
f  Autbor'H  Closure,  under  the  Rule^. 
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'  carbon  can  evaporate  15i  IVjs,  of  water  from  and  at  212 
I  may  say  that  an  analysis  of  the  fuel  in  question  showed 
>Dtain  7.4:1^  of  volatile  matter  of  an  evaporative  value  of 
less  than  3  lbs.  of  water  at  '212".  This  added  to  the 
=  I'.'.S  lbs.  evaporative  valne  uf  the  t;arbou  alone  gives 
.,  as  stated.  Although  made  clear  in  the  paper,  it  may 
1  to  add  that  this  figare  is  not  intended  to  be  mathe- 
iy  but  only  approximately  correct 


t 
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(jDulor  Ucmber  or  the  Society.) 

Tcury  coliimn  deBcrilied  in  tliis  paper  is  tlie  result  of  an 

>  provide  for  the  testing  of  spring  ganj^ee  used  in  coiinec- 

;he  work  carried  on  in  llie  Median-  t, 

■atory  of  the  Woixsester  Polytcch- 

.te. 

ect  was  to  design  a  colnniD  which 

e  pressures  from  atmospheric  to 

o  the  sqnare  inch,  or  higher  if 

t   should   be  snfficiently  accurate 

lering  pui'poses  atid  at  the  same 

expensive,  and,  if  poesible,  it 
ivide  for  taking  reailings  at  one 
t  point. 

ig  to  Fig.  ISfi,  AA  is  a  small  iron 
ected  at  tlic  lower  end  with  the 

5,  whicii  in  turn  is  connected  by 

uhc,  C,  witli  tJie  gauge  or  gangcs 

;y  arc  fastened  to  tlie  cariiuge  I), 

s  on  the  rod  EE.     Tlie  tnbe  AA 

se  is  made  up   of   four   seotione, 

>n   being  of   snffitient  length  to 

assure  of  50  lb?,  wlien  iilled  with 

:  62°  Fahr. 

tiiod  of  operating  is  as   follows:  ^ 

of  the  pump  M  inerciir_v  is  forced 

olnnin.     It  rises  iu  both  the  iron  and  glass  tubes,  the 

ng  open.     Wlion  the  mercury  in  the  iron  tube  reaches 

f  the  first   section  it  passes   through   the  valve  a  and 

iverflow  pipe   to  the  collector  F.      This  fixes  tlie  zero 

le  scale.     Water  is  then  put  in  at  the  top  of  tlie  glass  tube 
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by  iiieiins  of  the  pump  IF,  and  fills  the  top  of  the  glass  tube  and 
the  ilexihle  tube  C,     ('losing  the  cock  ^,  more  water  is  forced  in, 
and  the  mercury  in  the  glass  tube  is  displaced,  thus  forcing  more 
into  the  iron  tube,  the  result  being  an  overflow  at  the  valve  a.  Tbna 
the  mercury  can  be  lowered  to  any  desired  reading  between  0  and 
5<^  while  the  level  in  the  iron  tube  remains  the  same,  the  gauges 
being  moved  up  or  down  to  correct  for  the  column  of  water.    Tbe 
operator  at  any  time  can  easily  assure  himself  of  the  level  of  tlie 
mercury  in  the  iron  tube  by  forcing  in  more  mercury  until  some 
comes  down  the  overflow. 

When  pressures  from  50  to  100  lbs.  are  desired,  the  gauge  is 
correct t^d  or  its  correction  noted,  if  any,  for  50  lbs.,  by  the  first 
siH'tion,  the  valve  a  closed  and  mercury  forced  in  until  it  comes 
down  the  overflow  from  the  valve  h  and  stands  at  0  in  the  alass 
tube,  the  water  having  been  returned  to  the  pump  or  allowed  to 
escape.     The  gauge  being  brought  to  the  proper  place,  the  reading 
should  be  ru\  or  show  the  same  as  at  the  end  of  the  first  section. 
This  gives  a  means  of  checking  the  measurement  of  the  tube  from 
a  to  /».     The  oi>eration  is  now  the  s;ime  from  50  to  \W}  as  from  0  to 
r)0.     Aud  by  closing  the  valves  h  and  l\  pressures  from  100  to  150 
and  150  to  '200  are  obtained.     More  sections  can  be  added  if  higher 
j»ressures  are  desired. 

\\\  closing  the  valve/*  two  gauges  can  be  compared,  by  changing 
the  wa:er  pressure  with  the  pump  IP. 

Hy  some  simple  means  the  valves  •?,  t,  and  ♦.•  eonld  be  opened  and 
clv»sevl  frv«m  bo'v^v,  and  thus  a  gauge  could  be  tested  from  0  to  200 
or  higiier.  ^^i:ll  an  open  uier.^-ury  oohnnn,  without  going  up  uiore 
than  oiir:;i  vr  ton  feet  to  take  road  in  ^rs. 

Tiio  Ov^aimn  a:  the  institute  was  built  in  gcnenil  after  this  plan 
and  is  ^ivin^  :rood  resi:l:s. 

Discr^^iox. 

r  •  •'.  D,  >.  .^■'  '.*-.-  I::  ooiiueotion  wirl:  the  merourr  column 
vu  <r.'vii'« .'.  V\  Mr.  r.iivi,  I  wish  to  illustrate  one  which  is  now  in 
;  V,  .--»>  v!  V .  :.<tvuo::  :.  :it  t..e  ^trvr::>  Instimte  c:  Trciii::i«'*t::T. 

A  .    '.•.:■..::.  iv.v.-'.viv.j:  :'.■.-:■  -nnr  r'r.-tMrri-  as  :L-r  one  I  wi^ii  :.:■  iTsoribe 
'■»  .IS   i-;<:^-:-.:  ;  Vv  Fr.-. '_:.:>  1^.  St^vrns :  tLLs  fc.i5  brftn  in  tise  for 
■>  a:.  ■.  ^ivei  r'^:ir»f  SiitisiiwtioiL     The  cclTimn  ;&s  ibx 
>   :.<:_:.-:. I  :is  :  ll.v*->:     E  ivii.l  D    Fii.  ±£7    ir^  r»~o 
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niry.  ^  is  an  air  reservoir  from  which  compressed  air  is  led 
ugh  the  pipe  B  to  the  upper  end  of  the  pipe  D.  When  the 
in  ^  is  not  compressed  aljove  the  pressure  of  the  atmosphere 
mercury  in  the  pipes  iTand  i)  ie  at  tlie  height  indicated  bj 
)  lines  marked  on  the  small  glass  disks  N  and  0.  J  is  an  iron 
it  restiug  on  the  mercurj'  in  the  pipe  JC.     A  silk  string,  G, 


i 


crosses  from  this  weight  over  the  pulley  i^aad  supports  the  in- 
dex A',  which  slides  along  the  scale  H.  i  is  a  valve  for  admit- 
ting water  to  tlie  reservoir  -1,  and  J/  a  valve  for  releasing  the 
same.  The  method  of  operating  the  column  is  as  follows  :  The 
gauge  to  be  tested  is  placed  at  C.  Water  is  admitted  to  the 
reservoir  A,  thereby  causing  compression  of  the  air  above  it. 
This  compressed  air  acts  on  the  gauge  and  on  the  top  of  the  mer- 
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cnry  in  D,  thereby  causing  tlie  mercury  in  D  to  fall  aud  that  in 
the  tube  E  to  rise.  The  amount  that  the  mercury  ia  elevated  in 
E  is  shown  by  the  position  of  the  index  K.  The  weight  of  the 
air  in  the  tube  D  may  l)e  neglected  for  all  ordinary  pressures.  In 
the  instrument  designed  by  Mr.  Stevens  the  tubes  £'and  Dwere 
made  of  precisely  the  same  bore,  so  that  the  amount  that  the  mi 
cnry  was  depressed  in  D  would  be  the  same  as  tlie  amount  that  it 
was  elevated  in  E.  In  the  column  at  the  institnte  this  refinement 
has  not  been  gone  into,  for  which  reason  the  following  method  will  I 
be  employed  in  graduating  the  scale  II.  A  gauge  is  taken  to  one  I 
of  the  standard  makers,  and  compared  with  a  mercury  column  i 
used  by  them.  This  gauge  is  carried  hack  in  a  careful  manner, 
placed  at  f,  and  employed  in  obtaining  the  graduations  on  the 
scale  H.  After  graduating  H  the  gauge  is  again  compared  with 
the  standard  mercury  column.  If  it  still  agrees  with  the  stand- 
ard, it  may  be  assumed  that  it  was  correct  at  the  time  that  the 
scale  if  was  graduated.  After  this  second  comparison  with  the 
standard  the  gauge  is  again  placed  at  C,  and  the  graduation  of 
S^  verified,  We  thus  obtain  a  column  that,  wfjen  once  standard- 
ized, may  be  used  for  testing  other  gauges.  The  arrangement 
of  the  silk  thread  leading  over  the  pulley  F  has  been  found  to 
give  entire  satisfaction  in  the  case  of  several  mercury  columns 
now  in  use,  so  that  there  need  be  no  apprehension  that  it  will 
I  give  trouble  by  stretching.  The  advantage  which  this  gauge  has 
over  many  others  employing  mercury  is  the  ease  with  which  it 
may  be  used,  there  being  no  complicated  adjustments  or  cor- 
rections required-  The  scale  H  is  only  one-half  the  length  of  one 
which  must  be  employed  in  a  column  having  a  single  mercury 
tube,  and  for  this  reason  it  is  much  more  easy  to  provide  means 
for  reading  it  along  its  entire  length. 
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•I  of  the  pump  TF,  and  fills  the  top  of  the  glass  tube  and 
)le  tube  C,  Closing  the  cock  e,  more  water  is  forced  in, 
mercury  in  the  glass  tnbe  is  displaced,  thus  forcing  more 
ron  tube,  the  result  being  an  overflow  at  the  valve  a.  Thus 
arj?  can  be  lowered  to  any  desired  reading  between  0  and 
<  the  level  in  the  iron  tube  remains  the  same,  the  gauges 
ived  np  or  down  to  coireet  for  the  eohiran  of  water.  The 
at  any  time  can  easily  assure  himself  of  the  level  of  the 
in  the  iron  tube  by  forcing  in  more  mercury  nutil  some 
wu  the  overflow. 

pressures  from  50  to  100  lbs.  are  desired,  the  gauge  is 
or  its  correction  noted,  if  any,  for  50  lbs.,  by  the  first 
he  valve  a  closed  and  mercury  forced  in  until  it  comes 
)  overflow  from  the  valve  J  and  stands  at  0  in  the  glass 
water  having  been  returned  to  the  pump  or  allowed  to 
The  gauge  being  brought  to  the  pro}M;r  place,  the  reading 
)  50,  or  show  the  same  as  at  the  end  of  the  flrst  section. 
iSa  means  of  checking  the  measurement  of  the  tube  from 
The  operation  is  now  the  same  from  50  to  100  as  from  0  to 
I  by  closing  the  valves  J  and  c,  pressures  from  100  to  150 

0  200  are  obtained.  More  sections  can  be  added  if  higher 
are  desired. 

.ing  the  valve/"  two  gauges  can  be  compared,  by  changing 
pressure  with  the  pump  TF. 

le  simple  means  the  valves  a,  b,  and  e  could  be  opened  and 
im  below,  and  thus  a  gauge  could  be  tested  from  0  to  2©0   . 
■,  with  an  open  mercury  column,  without  going  up  more 
t  or  ten  feet  to  take  readings. 

himn  at  the  institute  was  built  in  general  after  this  plan 
'ing  good  results. 

DISCUSSION. 

9.  S.  Jfirohm. — In  connection  with  the  mercury  oolumn 

1  by  Mr.  Bird,  I  wish  to  illustrate  one  which  ia  now  in 
>f  construction  at  the  Stevens  Institute  of  Technology. 
.  involving  the  same  feature  as  the  one  I  wish  to  describe 
jned  by  Francis  B.  Stevens ;  this  has  been  in  use  for 
irs  and  giveu  entire  satisfaction.  The  column  at  the 
is  designed  as  follows :  E  and  D  (Fig.  227)  are  two 
iron  pipes  of  about  ^  inch  internal  diameter,  containing 

27 
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mercnrj.  ^  is  an  air  reservoir  from  vhioh  compressed  aiiisk 
through  the  pipe  li  to  the  upper  end  of  the  pipe  D.  When  Ui 
air  in  ^  ia  not  compressed  above  the  pressnre  of  the  atmoepliei 
the  mercury  in  the  pipes  E  and  7>  is  at  the  height  indicstad  \ 
two  lines  marked  on  the  small  glass  disks  N  and  0.  i/isaniio 
float  resting  on  the  mercury  in  the  pipe  E.    A  silk  atiii^  ( 


crosses  from  tliis  weight  over  the  pulley  F  and  supports  the 
dex  A',  which  slides  along  the  scale  H.  X  is  a  valve  for  adi 
ting  water  to  the  reservoir  .4,  and  M  a  valve  for  releasing 
same.  The  method  of  operating  the  column  is  as  follows :  ' 
gauge  to  be  tested  is  placed  at  C.  Water  is  admitted  to 
reservoir  A,  thereby  causing  compression  of  the  air  aboTi 
Thin  compressed  air  acts  on  the  gauge  and  on  the  top  of  the  i 
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cy  in  D,  thereby  causing  tlie  mercury  in  D  to  fall  and  that  in 
J  tube  A' to  rise.  The  amount  that  the  mercury  is  elevated  in 
is  shown  by  the  position  of  the  index  K.  The  weight  of  the 
;iii  the  tube  D  may  be  neglected  for  all  ordinary  pressures.  In 
}  inatmment  designed  by  Mr.  Stevens  the  tubes  EkuA  D  were 
de  of  precisely  the  same  bore,  so  that  the  amount  that  the  mer- 
■y  was  depressed  in  D  would  be  the  same  as  the  amount  that  it 
«  elevated  in  E,  In  the  column  at  the  institute  this  refinement 
*  not  been  gone  into,  for  which  reason  the  following  method  will 

employed  in  gradoatiug  the  scale  //■  A  gauge  is  taken  to  one 
the  standard  makers,  and  compared  with  a  mercury  column 
)d  by  them.  This  gauge  is  carried  back  in  a  careful  manner, 
tced  at  C,  and  employed  in  obtaining  the  graduati6ns  on  the 
le  H.    After  graduating  H  the  gauge  is  again  compared  with 

standard  mercury  column.  If  it  still  agrees  with  the  stand- 
,  it  may  be  assumecl  that  it  was  correct  at  the  time  that  the 
I©  Svaa  graduated.  After  this  second  comparison  with  the 
idard  the  gauge  is  again  placed  at  C,  and  the  graduation  of 
'erified.  We  thus  obtain  a  column  that,  when  once  standard- 
l,  may  be  used  for  testing  other  gauges.  The  arrangement 
le  silk  thread  leading  over  the  pulley  F  has  been  found  to 
'  entire  satisfaction  in  the  case  of  several  mercury  columns 
'  in  use,  so  that  there  need  be  no  apprehension  that  it  will 
'  trouble  by  stretching,  Tlie  advantage  which  this  gauge  has 
'  many  others  employing  mercury  is  the  ease  with  which  it 
'  be  used,  there  being  no  complicated  adjustments  or  cor- 

ions  required.     The  scale  N  is  only  one-half  the  length  of  one 

ch  must  be  employed  in  a  column  having  a  single  mercury 
e,  and  for  this  reason  it  is  much  more  easy  to  provide  means 

reading  it  along  its  entire  length. 
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CCCXCIII. 
HEATING   FVliNACES. 


A  Siemens  regenerative  gas  furnace  will  probably  call  for  leai 
repairs  than  any  other  kind  of  a  reverberatory  furnace.  The.f 
gas  and  air,  coining  up  separate  ports,  do  not  unite  until  theyl 
have  reached  the  hearth,  where  they  come  in  contact  with  thsv 
metal  to  be  heated.  By  the  time  the  flame  reaches  the  out-1 
going  ports  it  is  pretty  well  spent,  and  does  very  little  morel 
injury  to  the  brickwork  than  the  incoming  gas  and  air.  The  1 
bricks  are  not  subjected  to  such  a  cutting  action  of  the  flamea 
as  they  are  in  a  coal  fnrnace. 

The  heated  regenerators  give  the  gas  and  air  an  upward  ten- 
dency.    This  makes  an  outward  pressure  when   the   chimney 
damper  is  partially  closed.     It  is  necessary  to  work  the  furnace 
with  an  outward  pressure  when  it  is  charged  cloas  up  to  the  i 
door,  to  till  the  furnace  with  flame  and  keep  the  cold  air  frotni 
drawing  in  at  the  doors,  or  when  the  charge  on  the  hearth  ofl 
the  furnace  is  up  to  the  required  heat  and  the  drawing  of  it  is  I 
delayed  for  a  short  time. 

A  Siemens  furnace  of  a  simpler  form,  where  the  ports  are! 
done  away  with,  is  known  as  the  Smith  furnace.     The  regener-  \ 
ators  are  built  in  the  ends  of  the  furnace  and  are  entirely  open 
at  the  top,  which  is  on  a  level  with  the  bridge.     The  bridge  of 
the   furnace  at   the  same  time  serves  as  one  wall  of  the  gas 
chamber.     This   furnace  is   generally  used  for  quick  heating. 
Its   advantages   are    the  cheapness,  the  ease  with   which   the  . 
checkers  can  be  taken  out  and  cleaned,  and   the   bottoms   • 
the   gas   and  air   conduits   and  the   checker   chambers   are 
little   below   the   surface   that   they  are  not  likely  to  becom^ 
choked  by  water  in  low  ground.     Possibly  the  gas  will  not  comeJ 
in  the  furnace  with  as  much  pressure  as  in  an  ordinary  Siemeni 
furnace,  unless  the  gas-pipe  from  the  top  of  the  gas-producetj 
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is  oorrespondingly  higher.  Gas  is  purer  when  it  has  a 
way  to  travel  from  the  producer  to  the  furnace :  the  soot 
t  chance  to  dejJosit  on  ita  way,  but  the  expansion  and  con- 
ion  of  a  long  .overhead  tube  must  filso  be  considered  and 
ided  for.  The  gas  checkers  often  become  clogged  with  this 
The  beet  way  of  cleaning  them  is  through  spontaneous 
>uBtion,  which  is  brought  about  by  shutting  off  the  gas 
ely  from  the  furnace,  placing  the  reversing  valves  on  the 
■6,  and  opening  the  stack  damper,  and  at  the  same  time  a 
of  the  furnace.     There  will  then  be  a  free  passage  of  air 

both  enda  of  the  hearth  down  through  the  checkers.     A 

I  amount  of  reddiah  matter  will  be  left  as  a  prodmit  of  the 
)n8tion.  When  a  gas  made  of  vaporized  oil  and  steam  is 
as  the  fuel,  it  comes  into  the  checkers  with  such  force  that 

II  find  its  way  throngb  a  choked  mass  of  checker-work,  when 
gas,  with  its  gentle  pressure,  will  not. 

e  hearth  of  a  furnace  is  not  of  equal  temperature  over  all  its 
ce.  There  are  different  reasons  for  this  :  the  design  of  the 
^,  the  arch  in  the  roof  tending  to  draw  the  bulk  of  the  fire 
igh  the  middle  of  the  furnace,  and  the  cold  air  at  the 
i  chills  off  the  front.  If  the  piece  of  metal  reaches  all 
.vay  across  the  furnace,  and  the  gas  and  air  enter  side 
de  or  mis  before  coming  over  the  bridge,  there  is  very 
difficulty  in  putting  an  even  heat  on  the  piece  from  end  to 

do  good  and  careful  heating  the  bottom  of  the  furnace 
have  plenty  of  attention,  especially  when  the  stuff  is 
;ed  by  a  mechanical  device.  The  scraping  over  the  bottom 
tears  it  away.  With  good  fire-sand  and  care  there  is  no 
lie  in  maintaining  a  clean,  hard  bottom,  gradually  sloping 
■d  a  tap-hole  at  the  back  of  the  furnace,  midway  from  the 
This,  besides  being  a  help  to  the  heating,  makes  charging 
Irawing  easy.  The  bottom  can  be  made  and  maintained 
a  slope  toward  one  tapping-hole  easier  than  to  two  or 
three.  A  high  place  on  the  hearth  can  be  cut  down  by 
ig  some  fine  coal  ou  it ;  the  ash  of  the  coal  combines  with 
luxes  the  silica  of  the  sand. 

e  process  of  "burning  down"  a  high  bottom  is  injurious  to 
iruace,  since  it  is  necessary  to  raise  it  to  such  a  high  tem- 
ure  that  the  bricks  in  the  roof  drip. 
iand  with  too  much  clay  in  it  is  liable  to  cling  to  a  piece  of 
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steel  all  through  the  rolls,  and  show  m  yellow  streaks  on  the  fi 
ished  bar. 

When  the  cinder  sinks  into  the  blow-boles  and  unevenuess 
of  the  steel,  and  then  is  lengthened  into  streaks  in  the  working 
of  it,  the  finished  stuff  is  termed  snaked.  These  snakes  show 
to  the  prejudice  of  the  steel  when  it  is  highly  polished,  as  for 
instance  in  varioua  weapons.  A  seam  is  where  the  metal  is 
actually  parted  ;  it  is  generally  called  "  piping."  A  low-carbon 
steel  stands  nearly  as  much  heat  as  iron.  In  heating  high-car- 
bon steel  the  metal  must  be  very  gi-adually  brought  up  to  a  heat 
sufficiently  high  for  working  it.  To  charge  cold  steel  of  high 
carbon  into  a  warm  furnace  is  disastrous  to  the  metal,  partic- 
ularly when  the  steel  is  frosty.  It  is  an  easy  matter  to  build 
a  wood  fire  around  the  steel  and  wajm  it  throughout  to  at  leaata 


200°  or  300°  before  charging     This  will  mitigate  the  stress  ( 
the  inside  when  the  outside  liegina  to  expand  with  the  heat  of 
the  furnace. 

A  very  fine  steel,  not  too  high  in  carbon,  will  scale  off  in 
sheets,  while  the  scale  from  a  high-carbon  steel  will  break  up 
into  fine  powder  as  it  comes  off.  This  can  be  more  readily  seen 
under  the  hammer  than  at  the  rolls,  where  there  is  generally  so 
much  water.  Oas  which  contains  steam  oxidizes  the  steel  and 
makes  a  good  deal  heavier  scale  than  other  gases,  ordinarily 
from  1.25  to  2^  on  ingots  charged  hot. 

Furnace  crowns  have  been  built  on  a  great  many  different 
plans,  but,  after  all,  the  one  that  gives  the  most  satisfaction  is  a 
roof  that  dips  about  five  degrees  at  each  end  for  one-quarter 
the  whole  distance,  and  then  straight  across,  with  the  neces- 
sary arch  sideways  for  support  {Pig.  1.57) ;  or  even  a  straight 
roof,  with  the  necessary  arch.  A  very  rough  crown  obstructs 
the  draught  across  the  furnace;  the  unevennesses  create 
eddies. 

The  height  of  the  crown  above  the  hearth  depends  somewhat 
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on  the  size  of  the  pieces  to  be  heated,  and  for  cold  metal  gen- 
erally four  or  five  times  the  tliicknesa  of  the  pieces.  Wlien  the 
metal  is  only  re-heated,  it  is  not  necessary  to  have  the  roof  bo 
high. 

By  exposing  a  piece  of  steel  to  too  high  a  temperature  in  the 
furnace,  a  crystalline  structure  is  induced  which  renders  the 
metal  unfit  for  further  hammering  or  roUiug.  The  eyil  effect  of 
this  overheating  is,  partially  at  least,  remedied  by  lowering  the 
temperature  to  a  point  below  that  at  which  it  is  generally 
worked  and  gradually  bringing  it  up  again  to  the  right  degree. 
This  is  attained  by  Tarious  devices,  the  most  comuon  of  wliich 
is  to  pass  a  highly  reducing  flame  over  the  hearth.  When  the 
steel  is  overheated  or  burnt  to  a  greater  degree,  the  burnt  part 
is  covered  with  a  fiat  piece  of  wood,  or  some  saud.  a  short  time 
before  drawing ;  and  sometimes  coke  or  charcoal  dust  is  spread 
over  the  bottom  of  the  furnace,  and  the  overheated  parts  turned 
into  it.  Besides  bringing  about  a  lower  temperature,  all  these 
methods  shield  the  metal  from  oxidation.  It  is  possible  to 
restore  steel  and  iron  almost  to  what  they  were  before  being 
overheated  by  working  the  piece  a  great  deal.  At  its  best,  how- 
ever, the  metal  is  treacherous,  and  on  any  account  it  should  not 
be  need  where  much  depends  on  its  strength. 

The  top  and  sharp  comers  on  the  top  side  of  a  piece  of  steel 
are  the  only  parts  liable  to  become  overheated.  The  bottom  of 
the  furnace  being  in  contact  with  the  under  side  of  the  piece, 
keeps  it  lower  in  temperature  than  the  sides  and  top,  so  much 
BO  that  it  is  necessary  to  turn  the  piece,  that  the  under  side 
may  be  on  top  a  short  while  before  drawing,  in  order  that  it  may 
have  an  even  heai  For  these  reasons  pieces  of  steel,  at  the 
stages  in  their  working  where  they  have  to  be  re-heated,  should 
be  left  in  sucli  a  shape  as  to  favor  these  things.  The  round  cor- 
ners on  ingots  and  the  fillets  in  the  grooves  of  blooming  rolls 
are  in  favor  of  both  the  heating  and  turning.  A  very  large  slab 
cannot  be  turned  on  the  hearth  in  any  convenient  manner.  In 
this  case  one  end  is  propped  up  with  a  fire-brick,  to  give  the 
flames  a  chance  to  sweep  under  it. 

Id  a  coal  furuace  foi;  heating  iron  or  mild  steel  the  hearth  has 
a  gradual  slope  from  the  bridge  to  the  velvetry,  which  is  the  hot- 
test part  of  the  furnace,  and  is  tapped  at  the  base  of  the  chim- 
ney, giving  advant^e  of  all  the  bottom.  For  working  steel  the 
bottom  is  sloped  toward  a  tapping-hole  at  the  back,  near  the 
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velvetry.     The  furnace  is  not  worked  hot  enough  to  be  tapped 
at  the  flue. 

Various  plans  are  put  into  practice  to  aid  in  baming  {he 
smoke  and  gases  driven  off  a  green  fire.     These  are,  howerer, 
generally  abandoned  after  awhile,  and  the  furnace  is  worked  with 
simply  a  fire-box  and  forced  draught,  or  a  combination  of  nai- 
ural  and  forced   draught.      In  introducing  these   schemes  lor 
burning  the   gases,  very  often  the  advantages  from  them  are 
over-estimated,  and  the  grate  surface  is  made  too  smalL   Coal 
furnaces  are  now  built  when  it  is  not  considered  worth  while  to 
go  to  the  expense  of  building  gas-producers.     They  are  conveu^ 
ient  at  a  hammer  where  a  high  heat  is  wanted  for  a  short  tis^e; 
but,  generally  speaking,  they  have  had  their  day.    A  coal  to^ 
nace  will  not  compare  with  a  gas  furnace,  where  an  almost  ev^^ 
temperature  is  held  from  week  to  week,  especially  when  it  is  otx^l 
required  to  bring  metal  which  is  already  warm  up  to  a  hamm^*" 
ing  or  rolling  heat. 

Explosions  are  prevented,  in  starting  up  a  gas  furnace, 
building  a  fire  on  the  hearth  to  heat  the  regenerators  and  su 
ignite  the  gas  as  soon  as  it  flows  out  of  the  port  and  mixes 
the  air.     The  principal  virtue  of  the  heated  regenerators  i» 
their  creating  a  draught    The  chambers  are  filled  with  the 
from  the  combustion  of  the  fuel  on  the  hearth  and  air  if  an  e^ 
cess  has  been  passing  over,  so  that  when  the  gas  is  let  on  tb- 
heated  chamber  causes  it  to  ascend  so  rapidly  that  there  is 
little  danger  of  its  forming  an  explosive  mixture  with  whateve 
air  there  may  have  been  in  the  chamber.     By  introducing  Uttl 
trap-doors  at  each  end  of  the  gas  valve-box,  cold  air  may  be  ad- 
mitted, with  the  outgoing  current,  to  cool  the  gas  valve.    This 
checks  the  draught  through  the  gas  checkers  to  a  certain  extent, 
and  sends  an  extra  amount  through  the  air.    These  arrangements 
are  used  in  melting  furnaces,  and  will  hardly  be  found  neces- 
sary in  heating  furnaces.     Natural  gas  is  not  passed  through  re- 
generators, but  introduced  at  the  end  of  the  furnace.     There  is 
no  danger  in  turning  it  on  when  there  is  a  fire  on  the  hearth. 

Vertical  or  pit  furnaces  are  only  used  to  reheat  ingots  brought 
to  them  soon  after  being  cast.  These  furnaces  save  labor  in 
charging  and  drawing,  but  they  are  not  equal  to  horizontal 
furnaces  for  lieating  an  ingot  evenly.  The  greatest  stumbling- 
block  to  be  contended  with  in  their  working  is  the  getting  rid  of 
the  cinder,  esi^ecially  when  low-carbon  steel  is  being  heated. 
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is  is  attempted  in  two  ways :  one  in  tapping  through  tlie  bot- 
1  at  the  centre  of  each  compartment,  and  the  other  in  sloping 
bottom  of  all  the  compartments  toward  one  end,  where  there 
tap-hole,  the  same  as  in  an  ordinary  furnace.  It  is  a  difficult 
Iter  to  keep  this  gradual  slant  on  account  of  the  tendency  of 
bottom  to  pile  up  under  the  partitions  that  divide  the  fur- 
e  into  compartments.  Tajiping  through  the  bottom  is  the 
)r  and  better  way  of  these  two,  if  the  tap-hole  could  be  easily 
ined  and  closed.  This  draining  off  of  the  cinder  is  a  most 
ions  matter,  as  it  so  easily  cuts  its  way  down  under  the  porta 
Jie  crown  of  the  nearest  regenerator  chamber.  Altogether  the 
a  seems  to  be  a  pit  with  only  one  partition  and  a  tap- 


Fig  158. 


at  each  end  of  the  hearth  {Fig.  158),  with  the  regenerator 
Mbers  removed  a  safe  distance  from  the  bottom  of  the  fur- 
i.  Although  the  ports  are  generally  only  a  few  inches  above 
bottom,  and  a  sharp  flame  is  liable  to  burn  the  butt-end  of 

ingot,  there  is  no  advantage  in  raising  the  ports.  In  fact, 
V  do  not  heat  so  well  when  the  ports  are  raised  much  above 

bottom.  These  furnaces  require,  from  different  causes,  a 
il  deal  of  repair.  Considering  this  and  the  disadvantage  of 
ing  everything  underground,  it  is  a  question  whether  they 

more  economical  than  horizontal  furnaces.  It  might  be 
ed  that  it  is  possible  to  heat  cold  ingots  in  these  pits,  but  it 
ot  at  all  profitable. 

"jftbing  pits,  of  course,  require  no  fuel,  and  the  ingot  ia 
died  with  more  speed  and  ease  than  even  in  the  pit  furnaces, 
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beoaase  only  one  ingot  is  pat  in  a  pit.      In  a  Boaking  pit  thM 
ingot  mnat  be  charged  very  soon  after  it  is  cost,  so  that  then 
will  be  heat  over  and  above  what  is  necessary  to  give  a  nai-' 
form  heat  to  the  ingot,  to  fumi»h  heat  for  that  which  is  lost  I 
from  the  sides  of  the  pit.    It  is  possible  to  charge  the  ingote  too 
soon  after  being  cast;   for  instance,  where  they  can  be  swung 
around  and  put  in  the  soaking  pits  by  the  same  crane  that  lifts 
them  from  the  casting  pit.    When  the  Bessemer  is  running  very 
fast,  there  would  hardly  be  room  enough  to  let  the  mouhls  and  1 
ingots  stand  in  the  pit  until  the  time  when  the  ingots  would  be  flfcT 
to  eharge.     This  can  be  avoided  by  casting  in  moulds  monntedH 
on  a  truck,  and  then  taking  the  wiiole  affair  away  from  the  Bease* 
mer  to  the  soaking  pita,  within  a  reasonable  distance  (50  to  7S9 
yarda).     While  keeping  the  ingot  on  its  end  from  the  time  it  UtM 
cast  till  the  time  it  is  put  on  the  table  to  be  rolled  throws  allv 
the  advantages  on  the  side  of  the  ingot  iu  cooling  down  from  thea 
liquid  to  the  solid  state  on  the  inside,  by  the  nature  of  tlie  c 
the  stuff  is  not  likely  to  roll  so  well  from  a  soaking  pit  as  that 
which  is   heated  in  a  furnace  with  fuel   supplied  to  it.     The 
inside  is  bound  to  be  softer  than  the  outside  and  more  yielding, 
and  throws  more  stress  on  the  outside,  while  being  hammered  oN 
rolled,  than  is  its  share.    The  stress  on  the  outside  is  not  back6<' 
up  by  resistance  on  the  inside,  and  so  a  weak  place  will,  mon 
readily,  give  way  and  crack,  while  in  a  furnace  the  outside  i 
more  likely  to  be  as  hot  as  the  inside,  or  even  hotter,  since  they 
heat  comes  from  the  outside  as  well  as  the  inside.     In^ordtE 
running  at  least  90;?  of  the  ingots  from  the  Bessemer  could  I 
cared  for  by  soaking  pits.     This  is  a  considerable  saving  of  faell 
labor,  first  cost,  and  practically  no  repairs. 
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DTWITHSTANDING  the  great  antiquity  of  the  use  of  the  arch  in 
<truction,  the  true  tlieory  of  the  equilibrium  of  forces  in  its 
■e  was  not  proponndetl  until  the  latter  part  of  the  seven- 
th century,  when,  after  the  solution  of  the  problem  of  the 
nary  by  the  brothers  Jamea  anil  John  Beruoulli,  Dr.  David 
^ory  announced,  in  P/iUo^o/ifiu-at  Transactions  for  1697,  that 
ine  but  the  catenary  is  the  fif;ure  of  a  true  legitimate  arch, 
when  an  arch  of  any  other  figure  is  supported  it  must  be 
.use  in  its  thickness  some  catenary  is  included." 
[though  two  hundred  years  have  elapsed  since  this  principle 
tlius  definitely  announced,  yot  it  is  well  known  that  arches 
Dot  built  upon  catenarian  lines  in  actual  practice,  and  that 
usual  manner  of  designing  arched  structures,  whether  of 
onry  or  in  framework,  is  to  select  a  curve,  usually  composed 
ircular  arcs,  generally  chosen  with  a  view  of  producing  a 
sinj^  effect,  and  then  to  determine,  with  more  or  less  exaot- 
,  the  position  of  the  equilibrium  curve,  stability  being 
red  by  making  the  arch  ring  of  sufficient  depth  to  insure  the 
ntion  of  the  equilibrium  curve  well  within  its  limits.  Many 
es,  indeed,  are  built  upon  purely  empirical  methods  based 
I  previous  examples,  and  although  the  mathematical  treat- 
t  of  the  subject  has  been  very  fully  discussed  by  able  writers, 
the  lack  of  a  convenient  working  method  based  upon  correct 
ciples  a]>pear8  to  be  the  principal  reason  for  the  use  of  snch 
irical  methods. 

lie  common  catenary  is  the  curve  assumed  by  a  suspended 
n  bearing  a  uniform  load,  and  this  by  inversion  would  give 
correct  arch  curve  for  a  similar  load,  all  tensions  being  con- 
ed into  compression  of  equal  magnitude  and  reversed  direc- 
If  this  were  all,  the  problem  would  be  a  simple  one ;  but 
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in  nearly  every  case  the  load  upon  an  arch  is  not  uniform,  but  is 
distributed  unequally  at  various  points  of  the  span.  This  pro- 
duces what  Rankine  terms  the  transformed  catenary,  and  in  his 
treatise  on  civil  engineering  he  gives  a  method  of  determiuing 
the  ordinatfs  for  points  in  such  a  curve  for  a  given  load  line. 

The  method  is  far  from  simple,  however,  and  is  not  general  in 
its  application,  and  is  hardly  simple  enough  to  be  of  much  use 
in  general  practice. 

One  of  the  most  satisfactory  discussions  of  the  equilibrium  of 
the  arch  for  customary  forms  is  that  of  Professor  Fleeming  Jen- 
kin  in  the  article  on  bridges  in  the  ninth  edition  nf  the  Eiioj- 
clopixdia  Britnjinica,  and  yet  in  summing  up  his  discussion  he 
remarks:  "Practically  the  thickness  of  the  arch  ring  is  deter- 
mined by  rules  derived  from  experience,  and  the  chief  use  of 
the  above  theory  is  to  determine  the  dimensions  of  the  abut- 
ments." 

It  is  proposed  iu  this  paper  to  discuss  a  simple  method,  based 
upon  correct  theoretical  principles,  which  will  give,  in  a  simple 
and  direct  manner,  the  proper  equilibrium  curve  for  any  arch  of 
given  span,  rise  and  load,  with  a  degree  of  accuracy  which  ia 
such  a  close  approximation  to  rigid  exactness  as  to  be  entirely 
within  the  limits  of  the  errors  of  construction. 

A  brief  reference  to  the  principles  involved  in  the  use  of  the 
catenary  may  be  permitted  to  introduce  the  method. 

When  a  chain  or  flexible  cord  is  suspended  by  the  ends  and 
permitted  to  hang  fi-eely  iu  any  curve  which  it  may  assume,  it 
will  be  found  that  the  shape  of  the  curve  will  depend  entirely 
upon  the  amount  and  position  of  the  load  which  may  Iip  suspend- 
ed from  it.  If  the  chain  simply  carry  its  own  weight,  the  load  is 
uniform  at  all  points,  and  the  curve  is  that  kuown  as  the  com- 
mon catenary— very  closely  approximating  to  a  parabola ;  while 
if  the  load  be  unequal,  as  caused  by  suspending  various  weights 
at  different  points,  the  curvature  will  be  found  to  be  dependent 
upon  the  position  and  magnitude  of  the  various  weights,  and 
any  change  in  any  weight  will  be  followed  by  an  entire  read- 
justment of  the  curve  throughout  its  whole  length.  The  curve 
is  thus  at  all  times  in  equilibrium,  whether  equally  or  un- 
equally loaded,  a  continual  balance  of  forces  existing. 

Two  properties  of  the  catenary  enable  us  to  determine  points 
in  the  curve  for  any  given  loading,  when  considered  as  an  arcb  : 
(1)  The  horizontal  component  of  the  tension  in  the  curve  is  the 
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ne  at  all  points.  (2)  The  vertical  compoQent  of  the  tension  in 
t  curve  at  anj  point  coneists  of  the  weight  at  that  point,  to- 
.her  with  the  Bttm  of  all  the  weights  below  that  point. 
[t  is  only  necessary  to  invert  the  catenary  and  reverse  the 
aitis,  converting  tension  into  thrust  and  vertically  suspended 
ds  into  Tertioally  supported  loads,  and  we  have  all  the  data 
«8Sftry  to  determine  the  true  arch  curve.  It  will  be  seen, 
?ever,  that  the  curve  will  depend  both  upon  the  magnitude 
I  the  distribution  of  the  load,  and  it  follows  that  for  the  same 
nand  rise  there  will  be  a  number  of  different  curves,  eorre- 
'Ziding  to  different  loads.  This  question  of  the  load  upon  an 
h  has  always  been  the  indeterminate  quantity  which  has  com- 
:ated  the  solntion  of  the  problem,  since  the  volume  of  material 
tied  by  any  arch  is  governed  by  the  Hue  of  the  curve,  and 
ice  the  true  load  cannot  be  given  beforehand. 
'he  error  introdoced  by  this  indeterminate  element  is  elimi- 
»<i  by  the  method  given  below.  As  previously  noted,  the  hori- 
'Oi  tension  in  the  catenary  is  constant  tor  all  points  in  the 
"G,  and  hence  it  follows  that  in  the  inverted  catenary  the 
zoQtal  thmst  must  also,  in  like  manner,  be  constant,  and  if 
•"mined  for  any  one  point  it  will 
!^e  same  for  all  other  points. 
•"Vv,  in  Fig.  159  let  us  ta,ke  one-half  of 
fell  and  examine  the  forces  acting 
^  crown  to  maintain  equilibrium, 
i-liing  the  point  of  Bpriusing  0  as 
^:?entre  of  moments,  we  have  the 
-^al  force  JV  acting  downward  at 
^rown,  tending  to  cause  the  arch 
'otate  about  0,  with  a  lever-arm 
^1  to  X  making  its  moment  =  U't. 
i*-,  if  we  are  to  have  equilibrium, 
tuust  have  a  horizontal  thrust,  T,  at  the  crown  which  has  an 
al  moment.  The  lever-arm  of  the  thrust  is  the  ordinate  y, 
,  hence  to  have  equilibrium  we  must  have 

Wx^  Ty (L) 

'^or  the  crown  we  have  ^  —  the  half  span  of  the  arch  and  y 
the  rise,  so  that  if  W  be  given  we  may  at  once  determine 
horizontal  thrust  T,  which,  as  before  stated,  is  to  be  the  con- 
nt  for  all  points  in  the  curve.      As  already  shown,  the  actmvl 
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weight  cannot  be  determined  at  this  stage  of  the  problem,  (oi 
the  limiting  curve  which  governs  the  exact  volume  to  be  sup- 
ported is  not  yet  known,  and  it  is  this  point  which  has  rendere^l^ 
previous  discussions  of  the  arch  of  such  little  practical  vala^ 

Instead  of  attempting  to  d^ 
termine  the  exact  value  of  ^y 
however,  we  may  proceed.    •* 
follows  (Fig.  160) : 

For   the   given  span  ^^ 
rise   of  the  proposed  Br^^\ 
draw  the  two  inclined  livises 
AO  AO'  from  the  crown      to 
the    springings;    also  dirsw 
the  horizontal  line  limiting 


Kg.  160 


the  upper  edge  of  the  load.  Now  assume  the  load  to  extend 
down  to  the  inclined  lines  AO  A 0\  thus  giving  two  triangles, 
yOA  y'(yA,  and  the  rectangular  area  above  as  the  total  loa^ 
on  the  proposed  arch,  and  calculate  the  value  of  T,  the  hori- 
zontal thrust  at  the  crown  under  these  conditions.  We  wf . 
then  get  a  value  of  T  which  will  be  greater  than  the  true  vali 
for  the  completed  arch,  because  of  the  excess  of  load  in  tL 
segmental  spaces  between  the  lines  AO  -40' and  the  curves  Aa{ 
Aa'0\ 

Solving  equation  (1)  with  respect  to  y  we  get 


y  = 


Wx 
T 


(2), 


and  the  value  of  T  just  found  will  appear  in  the  denominator 
of  the  fraction. 

Now,  again,  let  us  measure  our  vertical  loads  at  successive 
points  down  to  the  same  triangular  outlines  for  values  of  W^ 
remembering  that  in  the  catenary  the  vertical  component  is 
equal  to  the  weight  at  any  point,  together  with  the  sum  of  all 
the  weights  below  that  point,  and  that  conversely  the  vertical 
component  on  an  arch  at  any  point  is  equal  to  the  load  at  that 
j)()int,  together  with  the  sum  of  all  the  weights  beyond  that 
j)oint. 

The  values  of  IF  thus  determined  will  also  be  in  excess  of  the 
true  values  by  the  excess  of  area  in  the  same  segmental  spaces, 
but  n(  > w  tlie  excess  in  W  appears  in  the  numerator  of  the  frac— 
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tion  (2),  and  so  offsets  the  exceBS  in  the  value  of  T,  and  hence 
the  correctness  of  the  values  of  y  will  not  be  appreciably 
affected." 

The  method  may  beat  be  shown  by  example.  Suppose  an 
equilibrium  curve  be  required  for  an  arch  of  5  feet  span  and  1\ 
feet  height,  with  a  level  load  line  6  inches  above  the  crown,  as 
in  Fig.  161. 

The  first  point  is  to  determine  the  weight  IF  at  the  crown,  in 
order  to  deduce  T,  the  constant  horizontal  thrust.  Proceeding 
as  already  described  to  measure  the  weights  down  to  the  line 
A  V,  we  find  that  the  load  is  in  two  figures :  the  rectangle  6  5  FY 
and  the  triangle  A  5  V.     The  area  of  the  rectangle  is  equal  to 
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1.25  square  feet,  one-half  of  which  acts  downward  at  5  and  one- 
half  at  r.  The  area  of  the  triangle  -4  5  F  is  equal  to  3.125  square 
feet,  and  as  its  centre  of  gravity  is  one-third  distant  from  A  and 
two-thirds  from  V,  two-thirds  of  the  weight  goes  to  A  and  one- 
third  to  V.  This  gives  a  total  area  acting  at  I'  of  one-half  the 
rectangle  6  5  FV  wxA  one-third  the  triangle  jj  5  K,  or 


1.26  ,  3.125 


1.666 


superficial  /eet ;  and  this  multiplied  by  the  thickness  of  the  arch 
and  by  the  weight  of  a  cubic  foot  of  the  material  would  give  the 
weight  at  V  in  pounds.  As  this  would  be  proportional  to  t 
area,  we  may  use  the  latter  in  our  calculations. 

As  B  mailer  of  fact,  tbe  error  occMigned  iti  lb 
tlia  triangular*  oui1ia«a  does  not  appear  id  most  o 
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Substituting  this  value  of  W  in  the  equation 

y' 

we  get 

^      1.666x2.5      ,^^^      ., 
T  = ^j-^ =  1.666  units. 

lu  this  particular  case  the  vertical  load  and  the  horizontal 
thrust  are  the  same,  but  that  is  only  the  case  when  the  height 
of  the  arch  and  the  half  span  are  the  same.  This  value  of  T  will 
remain  constant  for  all  points  in  the  curve,  and  hence  we  have 
only  to  determine  the  value  of  W  at  any  other  part  of  the  arch, 
and  we  can  deduce  the  ordinate  at  that  point. 

If  we  divide  A  0  into  five  equal  parts  we  may  erect  ordinates 
and  calculate  weight  areas  correspondingly. 

For  the  fourth  ordinate  we  have : 

Overhanging  trapezoid  E IV  V F  =  0.375 

One-half  rectangle  4.&  E IV  ==  1.000 

One-third  triangle  A  4  /  F  =  0.666 


2.041  =  w;. 


For  the  third  ordinate  : 

Overhanging  trapezoid  D  III  V F=  1.000 
One-half  rectangle  3  6  D  III  =1.125 

One-third  triangle  A  3  III  =  0.375 


2.500=   W^ 


For  the  second  ordinate  : 

Overhanging  trapezoid  C II  V  F  =  1.875 

One-half  rectangle  2  6  C II  =  1.000 

One-third  triangle  A  2  II  =  0.166 


For  the  first  ordinate : 

Overhanging  trapezoid  B  IV F 
One-half  triangle  16  B I 
One-third  triangle  Al  I 


3.041  = 

Wr 

8.000 

0.626 

0.041 

8.666  = 

w,. 
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The  TflJues  of  x,  or 

the  lever-nrms  of  these 
Ai,  =  2.0 
Ax,  =  1.5 
Ax,  =  1.0 
Ax^  =  0.5 

weights,  are ; 

SubBtitntiEg  these  valnes  in  (2)  we  get : 

y.  -   f— 

^^^— ■ 

=  29..38  ins. 

yt  —        rp 

-^?-^-:-^  =  2.249  ft. 

=  20.98  ins. 

5^i^     3.041  > 


rr..r,    3.666  X  as 


^  1.8317  ft.  =  21.98  inB. 


Since  the  excess  of  weight  Jue  to  the  inclusion  of  the  aeg- 
ineiitfll  space  between  the  curve  and  the  line  A  Y  appeared  both 


J- 
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in  the  thrust  and  in  the  loads,  it  was  praoticallj  eliminated  from 
the  result,  and  the  ordinates  are  those  of  a  catenary  loaded  in 
the  same  manner  as  the  completed  arch.  The  ordinates  calcu- 
lated by  Bankine's  method  for  the  same  conditions  are  :  2.44 
feet,  2.23  feet,  1.82  feet,  and  1.12  feet,  which  shows  the  closeness 
of  the  approximation. 

Another  example  for  a  flatter  arch  will  show  the  general  char- 
acter of  the  method. 

Suppose  an  arch  of  20  feet  span  and  6  feet  high,  with  a  level 
load  line  3  feet  above  the  crown  of  the  curve. 

In  Fig.  162  we  draw  the  base  line  and  centre  line  and  join  the 
diagonal  A  F,  and  determine  the  horizontal  thrust  as  follows : 

The  weight  at  the  crown  is  : 

One-half  rectangle  6  6i?T  =  15 
One-third  triangle  A5V=10 

25=  W. 
T  =  i^  =  ?^-J^  =  41.66. 

y  6 

Now,  erecting  4  ordinates  spaced  2  feet  apart,  and  drawing 
horizontal  lines  through  the  intersections  with  AV,in.  order  to 
assist  in  measuring  the  areas,  we  have  : 

_  8[(EIVVF)+i(4:6EIV)  +  i(A4:IV)] 
^*  ~  41.66 

_8  X  30.4_  -Q„_  ,. 

_  6  [{D  III  VF)  +  i  (3  6  Z?  ///)  +  iJAS  III)] 

_  6  X  36.6  _  _  g_.  .. 

_4.\{G HVF)  +  ^(26  0/7)  -■-  iM2//)] 
^'  ~  41.66 

4  X  43.6 


41.66 


=  4.186  ft. 


F 
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41.66" 
2  X  47.566 


41.66 


=  2.28  ft. 


The  corresponding  values  by  Eankine's  method  are  5.82  feet, 
5,28  feet,  4.17  feet,  and  2.46  feet,  showing  that  the  approximation 
is  quite  close  enough  for  all  practical  uses. 

The  use  of  a  few  models  confirms  the  deductions  above  given 
in  a  very  interesting  manner.  By  hanging  blocks  of  wood  cut 
to  the  shape  of  the  triangular  outlines  to  a  light  chain,  the  cate- 
nary may  be  observed  as  shown  in  Pigs.  103  and  164,  and  the 


Fig.  1G3.  ■ 


FifrlCi 


removal  of  pieces  cut  to  the  figure  of  the  eqnilibrium  curve  pro- 
duces no  appreciable  change  in  the  figure  of  the  curve.  Model 
arches  built  to  semi-circular  lines  and  to  equilibrium  lines  for 
the  same  conditions  show  most  clearly  the  superior  stability  of 
the  equilibrium  curve,  and  an  arch  built  of  very  shallow 
voussoirs,  if  constructed  to  the  proper  curve,  will  stand  quite 
firmly  without  any  cementing  material  or  any  "  backing"  what- 
ever. 

In  arches  built  upon  equilibrium  curves,  with  the  joints  at  all 
point?  normal  to  the  curve,  no  bending  moment  or  tendency  to 
open  at  the  joints  can  occur,  and  the  material  is  subject  only  to 
compression  as  in  a  vertical  wall.  The  theory  of  the  "middle 
third,"  which  is  sometimes  opposed  to  the  use  of  equilibrium 
curves,  does  not  properly  apply  at  all  under  the  above  conditions, 
as  it  was  deduced  entirely  from  conditions  which  only  obtain 
^'hen  the  joints  are  not  normal  to  the  equilibrium  curve. 
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Instead  of  drawing  an  arch  to  a  curve  selected    arbitrarily 
and  then  attempting  to  investigate  tLe  position  of  the  curvd 
which  its  load  may  proiluce,  the  curre  should  first  be  drawn  folfl 
the  height,  span,  and  load  given,  and  then  any  desired  form  whichl 
mil  iiiL-lude  the  true  curve  within  its  figure  may  be  used  with.! 
safety.     For  sewers  and  for  the  construction  of  subways  th^ 
equilibrium  curve  ia  by  far  the  strongest  and  most  econ 
and  objections  against  its  appearance  to  the  eye  do  not  hold. 

Note.— The  ahore  raethn'i   is  dua  to  Mr.  Thonian  J.   Lovegrove,  of  PhiliJ 
de'pbla.  and  Ih  incluili^d  in  pxteiil^  (;raiitt-d  tu  bini  fur  a  inelhod  of  ukU 
lion,  ill  Ibe  Unctcd  Stntes  and  in  Europe. 


DISCUSSION. 

Prof.  Olin  H.  Landrnth, — On  tlie  ninth  piige  of  the  paper  i 
single  point  I  would  like  to  ask  iuformatiou  on.     Near  the  bofc*  1 
torn  of  the  page  is  the  following  sentence  : 

"  The  theory  of  the  'middle  third,'  which  is  sometimes  opposed 
to  the  use  of  equilibrium  curves,  does  not  properly  apply  at  all 
under   the  above  conditions,  as  it  was  deduced    entirely  from 
conditions  which  only  obtain  when  the  joints  are  not  normal  to  . 
the  equilibriui 

The  ■'  middle  third,"  as  I  understand  its  use  in  arch  preesurea^  J 
has  reference  not  only  to  a  provision  for  a  defect  of  the  arch  " 
curve,  but  provides  for  the  fact  that  the  load  is  not  conotant 
but  movable,  and  therefore  the  equilibrium  curve,  or  curve  of 
resistance,  is  not  itself  constant.  If  the  arch  is  built  for  a  certain 
equilibrium  curve,  the  equilibrium  curve  and  arch  curve  will 
coincide  so  long  as  the  load  is  constant,  but  if  we  bring  on  a 
concentrated  load  the  equilibrium  curve  is  altered,  while  the 
arch  curve  ia  not  materially  altered.  Hence  it  follows  that  the 
"  middle  third  "  of  the  arch  ling  should  be  wide  enough  in  extent 
to  contain  the  altered  equilibrium  curve  for  all  positions  of  the 
load.  I  do  cot  see  that  this  ia  affected  by  the  method  used  in 
finding  the  position  of  the  equilibrium  curve,  nor  by  the  direc- 
tion of|the  radial  joints  so  long  as  these  do  not  differ  from  the 
normals  to  the  equilibrium  curve  by  angles  greater  than  the 
"angle  of/iiction"  for  that  particular  material. 

Mr.  Siipier. — I    should  like  to  make   one   response   to   Prof. 
Landreth's   remarks.      The    middle-third    theory,    as  1  under— I 
stand  it,  is  intended  to  apply  to  archesVhere  the  thrust  ia  at  aiti| 


angle  not  a  right  angle  with  the  face  of  t 


and  thai  1 
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ires  that  the  vousaoir  shall  be  of  sufficient  depth  to  prevent 
line  of  reanltant  from  passing  out  of  the  arch  ring, 
lat  theory  is  of  course  true  wherever  the  nmh  is  not  an 
hbrium  cnrre  for  the  entire  load,  and  of  course  the  joints 
ot  be  in  the  proper  position  for  more  than  one  carve,  and  in 
ying  the  method  given  tn  an  arch  with  a  movable  load,  it  is 
osed  to  establish  first  the   curvature  for  a  stationary  load, 

place  the  desired  moviug  load  at  various  points  and  de- 
ine  the  deviation  in  the  curve,  and  make  the  ring  of  suffi- 
;  depth  to  include  the  distorted  curve,  but  it  is  not  ueces- 
y  the  middle  third  of  the  ring.  It  is  an  amount  which 
vary  by  the  extent  of  the  movement  or  its  ratio  to  the  dead 
Therefore  it  is  not  a  third,  or  fourth,  or  tenth,  or  any  defi- 
proportion. 

'of.  Lavdrefh. — I  would  like  to  put  on  the  board  a  few  lines 
h  would  make  clear  the  fact  that 
equilibrium   curve   should    be       f    o™ 
tined  within  a  definite  one-third 
le  depth  of  arch  ring,  and  that 

middle  third.  I  assume  that 
:nrve  of  equilibrium  has  been 
3uted  and  found  to  bp  where 
'11  by  the  dotted  line  .-(  B 
'''ig.   225.     Assuming    that    the 

has  been  built  symmetrically  in  regard  to  that  line,  the  arch 
e  and  the  equilibrium  curve  coincide,  and  the  pressure  on  all 
ts  of  each  vouasoir  joint  will  be  uniform  and  may  be  repre- 
'd  by  ordinates  from  the  line  0  D  to  the  line  H  J,  which 
^proximately    a   straight  line  and  parallel  to   C  D.      The 

pressure  on  the  joint  C  D  may  likewise  be  represented  by 
irea  of  the  rectangular  figure  C  P  I  H.  If,  however,  from 
;ause,  the  arch  curve  has  not  been  properly  designed,  or  if 
oad  has  been  altered,  the  equilibrium  curve  will  lie  above  or 
.V  the  arch  curve,  according  to  the  position  of  the  load  and 
form  of  the  arch.  We  will  assume  that  the  equilibrium 
^  drops  down  to  the  limit  between  tlie  first  third  and  second 
I  of  the  voussoir  joint,  saj'  at  /■';  then  tlie  pressure  on  the  differ- 
oiii  ts  of  the  vi.>ussoir  joint  will  be  represented  by  the  ordinates 
e  line  •/  K,  and  the  total  pressure  on  the  joint  will  be  repre- 
id  by  the  area  of  the  triangular  figure  J  L  K.  In  other  words, 
?  on  tlie  portion  of  the  joint  at  </will  be  zero,  and  the 


914 


EQUILIBBIDU    ARCH   CDRVEB. 


presstire  on  the  portioQ  at  L  will  be  double  that  of  the  uniform 
pressure  D   I,  since  the  area  of  the  two  figures  must  be  ths^ 
same.      Heoce,  by  removing  the  equilibrium   curve   from   the 
centre    of  the   joint  to    the  bottom   of    the   midJle   third,  we 
double  the  pressure  on  the  lower  end  of  the  joint  and  reduce  it 
to  zero  on  the  upper  end.     Suppose  you  drop  the  curve  stilll 
farther  to  F,  you  produce  a  diagram  of  this  kind :  M,  N,  0,  PX 
Q.    You  have  a  pair  of  triai^les  now,  with  their  common  vertex  f^~^ 
P,  and  the  pressure  on  the  joint  at  M  is  now  changed  to  tension, 
a  stress  wholly  unsuited  to  masonry.     Hence  the  limit  below 
which  tlie  equilibrium  curve  ought  not  to  fall  is  where  the  press- 
ure changes  to  tension.     It  is   quite  safe  to  say  that  the  arch 
does  not  fall  at  that  point,  but  the  critical  point  is  this,  that  the 
position  of  the  equilibrium  curve  not  only  ought  not  to  be  per- 
mitted to  reach  tlie  point  at  which  the  arch  will  fall,  but  should  , 
not  pass  the  point  at  which  the  pressure  on  either  end  of  any  | 
joint  becomes  a  tension.     And  the  same  thing  will  similarly  fol- 
low if  the  equilibrium  curve  is  raised  to  the  upper  end  of  the  j 
middle  third  at  V.    It  will  then  produce  a  stress  triangle,  R  8  j 
T,  showing  double  the  uniform  pressure  at  the  upper  end  of  the 
joint  R  and  zero  pressure  at  the  lower  end  T.   You  have  a  lane  or 
a  "  kernel,"  as  the  Germans  call  it,  within  which  the  curve  must 
be  maintained  in  order  to  have  no  tension  at  any  part  of  the 
joint.     So  that  the  value  of  one-third  is  a  ile/iinte  fraction. 

Prof.  Wehh. — I  understand  Prof.  Landreth  to  say  that  the  arch  ' 
would  not  fall  until  the  line  passed  outside  of  the  lower  limit  of  \ 
the  arch. 

Pfo/.  Lamlretb. — I  was  assuming  that  the  material  was  suf-  ' 
ficienlly  strong  to  withstand  crushing  up  to  the  point  of  over- 
turning. 

Prof.  Webh. — Is  it  true  that  any  material  could  be  suificieutly 
strong  for  that? 

Prof.  LandrelK — ^No ;  but  I  made  that  assumption  since  I  was 
discussing  stability  against  rotation  and  tension,  and  not  stability 
against  crushing. 

Prof.  Wehh. — But  for  any  real  material,  would  it  really  fall  as 
soon  as  it  got  out  of  the  middle  third  ? 

Prof.  Landreth. — ^No ;  it  would  not,  unless  the  material  Iiad  a 
very  low  crushing  strength. 

Prof.  Webb. — If  it  would  not  fall  why  should  the  crack  open  a 
the  top  ? 
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fof.  Landrdh. — Because,  on  account  of  the  compressibility 
iie  material,  the  voussoirs  would  be  compressed  in  direct 
tortion  to  the  pressure  saatained  at  differ- 
pointe  of  the  joint,  and  as  this  compres- 
is  zero  at  the  point  P,  the  two  voiissoirs 
6  being  compressed  undergo  a  slight  angu-  ^^^"  %  Ega 
rotation  aboat  the  point  P,  which  opens 
joint  at  the  top  (see  Fig.  2^6).  An  open  joint  does  not 
;8Bari]y  indicate  instability,  but  it  indicates  a  bad  distriba- 
of  stresses  over  the  joint  suiface,  and,  moreover,  offers  an 
Drtiuuty  for  the  admission  of  moisture. 

r,  Suplee's  models  *  exhibited  at  the  Cincinnati  meeting  pre- 
a  striking  ocular  proof  of  the  superior  stability  of  arches  built 
iquilibrium  carves  OTer  circular  arches— a  fact  admitted  by 
Qgiueers.  The  opening  portions  of  his  paper  woidd  give  one 
impression  that  the  chief  reason  why  arches  are  not  more 
rally  built  on  equilibrium  curves  lies  in  the  difficulty  in  de- 
ining  the  form  of  the  theoretical  equilibrium  carve.  Were 
impression  correct,  it  would  indicate  a  low  degree  of  the- 
cal ability  throughout  the  profession,  a  conclusion  few  will 
it. 

is  true  there  are  many  causes  incident  to  construction  which 
■ate  to  make  it  difficult  to  cause  the  adital  line  of  resistance 
:;cupy  the  position  intended  for  it,  or  even  to  determine  the 
il  position  of  the  line  after  construction ;  e.g.,  voussoir 
A  of  unequal  thickness,  mortar  of  unequal  consistency,  peb- 
iu  the  mortar  of  a  voussoir  joint,  or  unequal  or  lateral  set- 
:  of  either  abutment,  all  render  it  impossible  to  locate  a 
1  line  of  resistance  with  precision,  but  with  ordinary  care 
}  deviations  are  usually  unimportant,  and  are  neither  less 
greater  in  equilibrium  arches  than  in  circular  arches, 
lere  are,  however,  two  or  three  reasons,  independent  of  the 
e,  why  circular  arches  are  preferred  to  arches  built  on 
tly  equilibrium  lines.  These  are :  1st.  Economy  and  con- 
duce in  construction  of  both  the  centring  and  the  masonry 
ring  make  it  desirable  that  all  points  of  the  arch,  or  of  a 
iderable  portion  of  it,  shall  have  the  same  curvature  in 
r  to  permit  intercliangeabiiity  of  parts.  It  is  on  this  account 
circular  oval  arches  of  tliree  or  five  centres  are  preferred  to 
tic  arches.  2d.  The  (esthetic  requirements  of  grace  and 
*  Added  after  adjuurumpnt. 
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beauty  are  more  fully  realized  in  arches  of  constant  cnrvatuTe, 
or  in  arches  whose  curvature  grows  flatter  toward  the  erovn 
than  in  the  equilibrium  arch  whose  curvature  grows  sharper 
toward  the  crown.     3d.  In  arches  built  to  support  any  mateml 
like  earth,  gravel,  or  sand,  which  has  the  property  of  exerting 
some  horizontal  pressure,  the  horizontal  components  of  the  load 
acting  on  the  haunches  of  the  arch  make  the  equilibrium  cone     j 
but  dujlitly  different  from  a  circle,  and  hence  the  adoption  of  a     I 
circle  in  conformity  with  the  two  first  reasons  above  causes  a 
lesser  departure  from  the  equilibrium  curve  than  in  Mr.  8a-     i 
plee's  models,  which  were  designed  to  sustain  and  sustained  onlj 
loads  which  were  strictly  vertical.    In  this  connection  it  is  proper 
to  say  that  the  method  proposed  gives  equilibrium  carves  for 
vertical  pressure  only^  and  neglects  the  horizontal  components  o! 
the  pressure  of  the  load,  an  assumed  condition  which  is  yerj 
rarely  if  ever  realized  in  sewers,  tunnels,  culverts,  or  ordinair 
arch  bridges,  in  nearly  all  of  which  material  is  to  be  supported 
whose  horizontal  thrust  amounts  to  from  one-fourth  to  three- 
fourths  of  its  vertical  pressure. 

Mr.  Suplee. — ^I  would  like  the  indulgence  of  the  floor  for  just  a 
few  moments  to  correct  a  misapprehension  and  also  to  correct 
my  own  previous  statement.  Referring  to  Professor  Landreth's 
statement  that  I  claimed  that  the  error  due  to  the  segmental 
areas  was  entirely  eliminated,  I  think  he  will  notice  in  the  paper 
that  I  said  it  is  approximate  only. 

Keferring  to  a  question  asked  as  to  the  use  of  this  uniformly 
loaded  curve,  it  does  possess  a  practical  use  in  determining  the 
curve  for  a  braced   arch.     Of   course  you  have  to  take  Lite 
account  the  wind  stress  which  would  have  to  be  assumed,  which 
would  make  an  unequal  loading.     For  an  arch  such  as  that  of 
tlie  roof  of  the  Paris  Exposition  Machinery  Hall,  with  a  joint  ftt 
the  crown  and  a  joint  at  the  spring,  it  was  noticed  there  that 
where  tliere  was  a  sudden  curve  on  the  roof  they  were  obUged 
to  rivet  on  many  plates.     But  if  that  roof  had  been  constructed 
on  an  equilibrium  curve  the  thickness  of  the  rib  would  have 
been  governed  solely  by  the  necessity  of  resisting  the  thrusts  and 
also  su(*li  lateral  wind  pressures  as  they  may  have  assumed. 

I  really  do  not  at  all  differ  with  Professor  Landreth  in  regard 
to  the  variation  of  the  position  of  the  curve  in  the  moving  load, 
and  state  here  that  the  theorv  of  the  middle  third  does  not 
aj^ply  under  the  above  conditions,  namely,  those  of  a  standing 
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irtical  load.  That  refers,  of  course,  to  archeB  in  buildin;:!^,  I 
n  quite  willing  to  concede  that  he  is  right  about  the  model, 
he  Bemicircular  arch  is  not  an  equilibrium  curve.  If,  however, 
le  equilibrium  curve  is  first  drawn  and  the  semicircle  ia  made 
ithin  and  without,  and  the  joints  made  normal  to  the  equilib- 
um  curve,  the  stability  will  be  gieatly  increased,  and  it  will 
squire  much  greater  distortion  before  the  pressure  becomes 
Bproportionate  at  any  one  point  in  the  voussoir. 
I  should  like  also  to  speak  of  some  photographs  which  I  have 
hich  show  the  fact  that  a  pendant  load  does  draw  a  chain  into 
e  same  curve  ob  the  formula  gives  for  the  arch,  and  that  the 
ad  measured  to  the  diagonal  lines,  as  shown  in  the  paper, 
'acticallv  gives  the  same  curve. 

The  arch  shown  in  the  photograph  is  made  of  dry  brick,  five 
et  span,  without  any  cementing  material,  and  is  standing  per- 
etly  solid. 
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COM  PA  RA  ri  VE  TEST  OF  A  HO  T-  WA '. 
HEATING  PLANl 


(Hembcr  or  ibB  SocEety.) 

The  test  which  is  deeeribed  in  the  preeer 
hy  L.  II.  Taf  t,  Ilortieiilturist  of  the  Michij 
and  Pi-ofessor  of  Horticultiive  at  tho  Stah 
The  test  whs  uiidertiikcii  to  decide  whetlie: 


heating  preen-honacs  was  with  low-presBi 
water,  Tlie  ex|)eriii]eiit,  although  nnderte 
ohject,  was  so  well  coiieidered  and  so  careful) 
an  important  i)i;aring  on  the  general  merits  i 
lieatiiig.  At  iny  request  Professor  Taft  < 
presentation  of  tlie  results  to  the  American 
Eiigiiiecn:,  and  lias  afforded  valuable  aesisti 
of  the  paper.     The  writer  of  the  article  »ci 
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%  as  regards  the  conetniction  of  the  apparatae  and  the  methods 
iSting. 


'he  reqiiircinents,  to  mako  a  fair  trial  of  tliese  two  methods  of 
:ing,  must  evidently  be,  first,  two  baildings  exactly  alike ;  second, 

healerp,  liaving  the  same  amount  of  heating  surface  and  grate 


ace,  arranged  as  nearly  as  practicable  in  the  eame  way ;  third,  a 
-arranged  system  of  piping,  having  the  proper  surface  for  the 
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COMPARATIVE  TEST  OF  A  HOT-WATER  AND  A  ST^A, 
HEATING  PLANT. 


(Xumber  ot  the  Bodelj,) 

The  test  wbidi  ib  described  in  the  present  article  wae  condRct' 
by  L.  K.  Taft,  Ilorticiitturist  of  tlie  Micbigan  Experiment  Stiti' 
and  Professor  of  Ilorticultiire  at  tbo  State  Agrtcnltnral  Cdl^^ 
Tlie  test  was  undertaken  to  decide  wbetber  tlie  better  metUod 


Iieating  ^een-houses  was  witb  low-pressure  steam  or  witli  h 
water.  The  experiment,  althougb  undertaken  with  this  especi 
olijeet,  was  bo  well  conetdcrcd  and  bo  carefully  carried  ont  as  to  ha 
an  important  bearing  on  the  general  merits  of  these  two  methods 
lieating.  At  mj  request  Professor  Taft  couBented  to  allow  ti 
presentation  of  the  resulls  to  the  American  Society  of  Mechanic 
Eiigiiicerc,  and  has  afforded  valuable  aesiBtance  in  the  prcparetii 
of  the  paper.     The  writer  of  the  article  acted  as  consoltiDg  en{ 
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'gardstlie  construction  of  the  iipparatUB  and  tlie  uititliods 


[iiirementB,  to  inako  a  fair  trial  of  these  two  methods  of 
mat  evidently  be,  first,  two  buildinga  exactly  alike ;  seeoud, 

rs,  liaviiij,'  thL  ■-imt,  im  imt  i.f  heating  surface  and  grate 


ranged  as  nearly  as  practicahle  in  the  same  way;  third,  a 
^ed  system  of  piping,  having  the  proper  surface  for  the 
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fferenee  in  thia  reepect.  Eacli  boiiBe  contains  eleven  hundred 
flare  teet  of  glasB ;  the  side  walla  were  built  of  concrete  from  the 
indation  to  the  level  of  the  ground  oiitaide;  above  thia  wooden 
"s  of  double  thickness,  with  air  space,  extend  two  feet  high, 
ring  the  total  height  of  the  aide  walla  on  tlie  inaide  of  the  bnild- 
foar  teet.     The  rafters  consist  of  permanent  sash  bars,  2i  inches 


^p,  and  one  foot  apart,  bearing  on  their  upper  surface  double 
3ugtli  glass.  Tliey  are  supported  in  place  hy  a  truss  built  of  one- 
Ii  gas-piping,  which  shows  clearly  in  the  views  presented,  Fig- 
^8  166  and  167.  Both  buildings  are  ventilated  by  windows  in 
t  roof,  hinged  to  tiie  ridge,  and  are  raised  by  elbow-joint  fixtures 
idc  for  this  especial  purpose. 
To  the  north  of  the  houses  above  described  is  a  two-story  addi- 
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tion,  25  by  20  feet,  with  a  cellar.  The  heaters  for  the  work  were  I 
located  in  this  cellar,  as  shown  in  the  accompanying  plan  (Fig,  I 
168),  and  were  connected  to  a  chimney  containing  two  flues,  each  1 
8  by  12  inches — each  heater  was  connected  to  a  separate  flue  by  an  1 
8-incli  circular  pipe  of  sheet  iron. 

The  heaters  adopted  for  this  work  were  each  of  the  Fiirman  I 
No.  2  type,  made  by  tiie  same  manufacturer,  Herendeen  Mami- 
factimng   Oo,,  and   are   nearly  identical,  each   having   the  same  I 
amount   of  heating   surface,   grates   exactly   the   same   eize,   and  | 
external  dimensions  the  same. 

T!ie  heaters  are  ahown  by  Fig.  169,  aa  they  were  fitted  for  ths  | 
test.  The  cut.  Fig.  170,  shows  the  internal  construction  of  the 
ateam  heater.  The  hot-water  heater  is  the  same,  except  for  a  par- 
tition in  the  water  chamber  directly  over  the  centre  of  the  tube  E, 
eo  that  the  return  water  must  pass  downward  and  upward  in  these 
tubes  before  it  can  possibly  enter  the  circulating  pipes.  It  is  to  be 
noticed  that  nearly  the  entire  amount  of  heating  surface  is  derived 
from  drop  tubea,  connected  with  the  water-chamber  only  in  the 
upper  part  of  the  boiler.  An  inside  tube  or  a  partition  provides  for 
a  continuous  circulation.     (Fig.  172.) 

The  heating  surface  in  the  heater  in  question  was  as  follows : 


18  drop  tubes,  each  36  Inches  long.  1   loot  in  ciroumCerence S8.1T 

1  droi>  tube,  13  mchsH  loog,  1  foot  in  circumfereuca 1.08 

8  drop  tubes,  eac1>  3  feet  long.  2  ftwt  in  circum Terence 13 

Top  of  benier,  3  feet  In  diameter  effective 8.14 

Surface  of  magazme  exposed  to  flamua ._ 1.S7 

Total 45.06 

I  Deduct  area  luagaslne  reckouetl  pffective 78 

«.18 

The  area  of  grate  surface  is  1.8fl  »iuare  feet,  or  In  the  proportion  of  1  equare 
foot  of  grate  surlace  to  23,8  square  feet  of  heating- auiface. 

Th«  System  of  Pijnng. — This  is  shown  in  the  accompanying 
*  Bhetch  (Fig.  171),  and  is  arranged  as  follows: 

1st,  For  the  steam-house.     Two  main  pipes,  IJ  inch  diameter, 

rise  to  the  height  of  two  feet  below  tiie  ridge,  extend  witli  slight 

fall  to  tlie  south  end  of  the  green-house,  each  pipe  then  auppliee 

three  return  pipes  If  inch  diameter,  laid  with  a  fall  toward  the 

.  heater.     Two  of  these  return  pipes  are  supported  by  the  legs  of  a 


TEST   or  A  HOT-WATER   AND  A   STEAM-HEATINO   PLANT.     923 

«  bencL  next  t!ie  walk,  the  tbird  by  a  leg  of  a  centre  bencb  ;  see 
g.  171,     These  pipes  are  supplied  with  autoniatits  air-valves,  of 
e  Jenkings   type.      The    radiating   enrface  of   tlie  steam   pipes 
almost  exactly  200  square  feet,  the  cubic  contents  of  the  bulld- 
og is   6,17+  cubic   feet,  giving  the   ratio  of  1  foot  of  radiating 
Cirfftce  to  bO^  cubic  feet  of  space,  or  1  to  5Jr  square  feet  of  glasH 
Xirface. 

2d.  For  the  house  heated  by  hot  water.  In  this  case,  there  are 
four  main  supply  or  flow  pipes,  two  of  them  are  1^  inch  diameter, 
and  two  are  2  inches  in  diameter.      The  smaller  flow  pipes  are 


arranged  exactly  like  the  main  pipes  in  the  steam-liouse,  but  each 
supplies  a  return  pipe  of  the  same  size,  carried  on  the  legs  of  the 
middle  bench.  The  2-inch  flow  pipes  rise  a  few  feet  above  the 
heater,  and  then  extend  to  the  further  end  of  the  house,  being  sup- 
ported by  the  legs  of  the  side  benches;  each  of  tiiesc  supplies  two 
IJ-inch  return  pipes,  placed  nndemeatb  the  flow  pipes.  In  all 
eases  the  flow  pipes  rise  to  full  height  directly  on  leaving  the  boiler, 
and  then  descend  uniformly  throughout  the  remaining  distance. 
The  radiating  surface  of  the  pipes  in  the  hot-water  house  is  275 
square  feet,  giving  the  ratio  of  1  foot  of  radiating  surface  to  25.4 
cubic  feet  of  space,  or  1  to  4  square  feet  of  glass  surface. 

The  pressure  on  the  hot-water  system   is   maintained  uniform 
by  an  open  expansion  tank,  12  inches  diameter  by  18  inches  high 
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located  in  the  Beeond  story  of  tlie  addition,  IS  feet  above  the  water! 
in  tlie  lowest  returns. 

The  Bteum  Byetein  is  snpplied  with  pressure  gauge  eafety-valve,  J 
and  a  diaphragm  cbeck  draught! 
fi  and  damper  regulator.  The  hot-  I 
water  system  is  supplied  with  an  I 
antomatic  damper  regulator,  de-J 
sijrned  by  the  writer  ol'  this  paper,  f 
The  apparatus  in  all  eases  worked  ' 
satisfactorily. 

The  sleam  system  was  put  in 
operation  about  Novemher  15, 
13S9,  and  used  steadily  since  that 
time.  This  system  was  considered 
very  perfect  and  economical  by  ^ 
the  attendant,  Mr.  Miller,  an  expe- 
rienced green-house  man  having  it 
in  charge. 

The  hot-water  system  was  put 
in  operation  about  December  10th, 
and  has  been  in  use  steadily  since. 
Tiie  test  of  the  two  heaters  was 
started  December  Slst  and  con- 
tinned  to  March  1st.  The  method 
of  testing  was  as  follows:  the 
heaters  were  tired  regularly  at  6 
A.M.,  at  4  P.M.,  and  at  9  p.m.,  the 
coa!  being  added  in  lots  of  25 
poimda.  As  both  heaters  were 
riiniishcd  with  magazines,  this 
iiietliod  was  in  every  instance  prac- 
tii:abk\  U  iloes  not,  iiowever,  make  it  possible  to  compare  the 
exact  consumption  of  coal  day  by  day  in  the  different  heaters,  as 
the  amount  remaining  in  the  magazine  at  any  one  time  was  not 
meaanred.  Wlien  the  time,  however,  becomea  considerable,  this 
error  becomes  exceedingly  small,  and  soon  practically  disappears. 
The  test  shows  the  amonnt  added  day  by  day  to  eauh  lieater — which 
is  very  nearly  the  daily  consumption,  as  the  magazine  capacity  was  J 
only  about  100  pounds  each. 

Temperature  observations  were  taken  in  each  house  and  outside,;] 
.d  minimum  readings  for  the 
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•■re  sIbo  observed.  The  thermometers  used  for  this  purpose 
ire  carefull;  standardized  before  coiunienciDg  the  test,  and  in 
ah  case  were  suspended  in  the  air,  so  as  not  to  be  infiueneed  by 
rroanding  objects. 

Those  in  the  green-hotisee  were  suspended  in  the  same  relative 
isition  in  each  house,  on  one  side,  about  one  and  a  half  feet  from 
e  roof,  and  separated  from  any  heating  pipes  by  a  bed  of  growing 
ants.  The  results  show  the  decided  economy  of  the  hot-water 
ater,  as  compared  with  the  steam  heater.  A  surprising  result,  to 
e  writer  at  least,  was  that  this  difference  (not  the  per  cent.) 
creased  rather  than  diminieJied  with  extreme  cold  weather. 
The  Tariation  or  extreme  range  between  maximum  and  minimum 
sins  to  liave  been  about  the  same  with  either  heater,  although 
>  opinion  of  the  florist  was  decided  that  the  interval  between 
'■&   could  be  much  longer  with  the  hot-water  heater  than  with 

steam  heater.  Before  commencing  the  test,  the  florist  in 
»"ge  considered  steam  heat  more  economical  and  better  adapted 
green-houses  than  hot-water  plants.     The  following  table  gives 

temperature  observations,  and  the  chart  following  shows  the 
aide  temperature,  temperature  in  each  house,  and  coal  consump- 
i.  for  each  day.  The  temperature  maintained  was  all  that  was 
■*iired  by  the  vegetation  growing  in  the  respective  houses. 

CTIMFERATURE  OBSERVATIONS  AND  COAL 
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Dnring  the  eleven  days  of  testing  in  December,  the  hot-water 

ater  consumed,  on  the  avenige,  75  pounds  of  coal  per  day,  the 
59 


^^^            926     TEST  OF  A   HOT-WATER  ASD  A   STEAM-HEATINQ   PLANT.          ^^^| 

^^H       steam  heater,  93.2  pounds,  or  34.3^  more  coal.     It  is  also  iioticed^^H 
^^^1       timt  tlie  tempemture  waa  maintained  higher  in  tlie  liot-Nvater  house.^^^! 
^^H       Both  beaters  were  nsed  ae  surface-burners.     No  draught  regulatttf^^f 
^^1        attached  to  hot-water  heatei-.                                                                   ^^| 

^^^1                      TEMPERATURE  OBSERVATIONS  AXD  COAL  CONBCIMES,  JAN'UART,  18W.          ^^^| 
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1                     The  heaters  were  used  as  SDrface  burners  principally  nntii  Jan- 

L nary  17th.     Beginning  with  that  date  the  magazines  were  kept 

^^1         nearly  full.     The  draught  regulator  on  the  hot-water  heater  was             1 
^^^B       first  put  in  operation  at  this  time.     The  range  or  variation  in  tem- 

^^f       |)erature  after  that  date,  was,  for  the  hot-water  heater,  4  degrees  F., | 

■                and  for  the  steam  heater,  4.4  degrees.                                                  ^^^^| 
[                     The  average  coal  consumption  for  the  month  was  90.3  pound^^H 
^^^        per  day  for  the  hot-water  heater,  and  112.1  pounds  per  day  for  tti^^^H 
^^L      steam  heater,  the  steam  heater  using  for  the  month  24.003  :£  mor^^^H 
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.    It  is  also  to  he  noticed,  th»t  tlie  temperature  of  the  hot-water              ^M 
Be  is  inttiiitained  somewhat  higher.                                                               ^M 

Hot-Wateb  Bonat. 
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ic  weatiier  during  February  was  quite  mild,  not  falHng  at  any 
lielow  8  degrees.  Tlie  relative  conBiimption  of  coal  remained 
k  tho  same  as  in  the  previous  months,  the  hot-water  heater 
-  on  the  average  99.1  pounds  of  coal  per  day,  the  steam  heater 
5  121.4  pounds  per  day. 

•  little  extreme  cold  weather  has  been  experienced  during  this 
that  the  qnestion  Is  still  open  as  to  the  relative  economy  of  the 
■rent  methods  of  heating  under  such  cirenm stances.  So  far  as 
be  premised  from  the  oljservatinns  recorded,  the  per  cent,  of 
of  hot  water  over  steam  would  be  somewhat  less  under  eueh 
J  instances. 

» far  as  variation  or  range  of  temperature  is  concerned,  the  two 
ers  were  practically  the  same.  This  is  perhaps  a  test  of  the  anto- 
c  damper  regulators  more  than  of  the  heaters,  but  in  no  ease 
this  range  e.\ceed  i  degrees,  in  either  heater,  when  the  .fire 
carefully  attended  to.     A  greater  range  in  every  case  denoted 


928     TEST   OF  A   HOT-WATEK   AND  A  STEAM-HEATING   PLANT. 


the  fact  that  the  coal  suppHed  to  the  furnace  at  that  pai'ticuliif 
time  had  been  too  gmall. 
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NoTB. — The  low  temperature  of  tha  lionses  March  7th,  3tli,  and  9tli,  was 
occasioned  b/  neglect  of  fires  occasioned  tliroogh  ucknesa  of  tlie  regular  at- 
tend aot. 

During  tbe  eitreaie  cold  weather  of  March  9tb,  6th,  7tb,  aod  8<L,  the  sleam 
healer  conitnmed  108}  lbs.  of  coal  per  daj.  the  hot-waier  heater  lliT.S  lbs.  per 
daj.  For  ihis  period  the  aieani  heater  coosumed  'iH.lf  more  coal  Iliao  ibe  hot- 
water  beater,  but  fur  the  whole  month  only  18.6$  more  coal. 


APPENDIX. 


Daring  the  month  of  April,  1890,  both  lieatera  were  supplied 
with  the  Bame  amount  of  coal  daily,  with  the  rcBiilt  as  sliowii  in  the 
following  table,  from  which  it  is  seen  that,  with  the  same  con- 
snmption  of  coal  in  each  heater,  the  temperature  of  the  hot-water 
house  was  8.5"  higher  than  that  of  the  steam  house,  as  shown  by 
averaging  the  maximum  and  minirriiim  temperature  for  obtaining 
the  moan  temperature  in  each  case. 


'mT   OF   A   HOT-WATER   AND   A   STKAM-HEATCS'G   PLANT.     9^1 


TaKraKATURM. 

2 

i    i               i    i 

s  n  1  i  1  n  1  1 

i 

100 

» 
rs 

as 

to 

£0 
50 

80 

!^ 

311 

« 

«a 

TO 
K 

iacoeo6SaonGX54MN] 

40«a'«6»3W$UHI5iHI 

SSMBOMM                «1686058 
■1DB8«0B8B7                   B5S5SSW 

a       M       w      ii      to            ufi7GHAe 

MKMBaeO                MflUMSO 

6483BTft480                MflSBSSB 
M         65         ea         67         65                   5S          81          86          56 

wHoescsoa           wbi8«48 
Mssgoetsa             5050M50 

W58MW6S                W58M48 
40B8B0MIB6                   516a»nBl 
»U5IKeU5J                48Sa(»48 
385766        57        56150606460 

W6KB56l)56a-iB8S6«4a 

ao6S656S63ae880fsu 
43   1   51       w       w      54       n     6s      in      5«      M 

lai 

7S 

'1 

i 

los 
00 

TS 
60 

m 

BO 

i 

SO 
50 

so 

n[  UuxtDinm  and  Jllnii 


930  TEHT  OF  A  HOT-WAIER  AND  A  bTE.4M-HZAlI8.>  PLOT. 


TEST  OF  A  HuT-WATEE  ASD  A  STEAM-HEATISQ   PLANT. 


D18CU88ION. 

.  Cfiarles  E.  Emery. — It  is  believetl  tliat  hot  water  is  in  gen- 
mocli  better  adapted  for  heating  green-honses  than  steam, 
{count  of  the  greater  8]>ecific  beat  of  water  and  the  greater 
bt  of  heated  fluid  in  circulation  which  tend  to  produce 
Hty  of  temperature  under  aver.'tge  conditions  of  maiiage- 
It  must  not,  however,  be  assumed,  either  from  general 
uples  or  tie  results  of  experiments  like  those  recorded  in  the 
r,  that  there  should  be  any  difference  in  the  economy  of  the 
systems.  The  difiFereiice  in  the  quantities  of  heat  leaving 
etuming  to  the  boiler  in  order  to  raaintaiu  like  green-houses 
3  same  temperature  under  the  same  conditions,  when  using 
different  fluids,  must  oi  necessity  be  the  same,  and  such  a 
•ence  as  is  shown  by  these  experiments  must  be  entirely  due 
e  difference  in  the  efficiency  of  the  heaters  themselves,  when 

under  different  conditions.  Tracing  out  in  detail  the  differ- 
lin  condition,  we  find,  first,  that  the  amount  of  radiating  sur- 
in  the  building  heated  with  steam  was  considerably  less 
in  that  heated  with  water.  This  made  no  difference  in  the 
>er  of  thermal  units  utilized,  but  required  that  the  average 
rature  of  the  steam  used  in  one  case  should  be  greater  than 
of  the  water  in  the  otlior.  Taking  it  for  granted  that  the 
heaters  were  exactly  alike  in  all  essential  particulars,  the 
r-heating  surface  of  the  one  used  tor  steam  was  necessarily 
tly  reduced  by  the  necessity  of  lowering  the  level  of  the 
"  to  provide  steam  space.  The  water  and  steam  were  also 
■sarily  at  a  somewhat  higher  temperature  in  the  steam 
r  than  in  tlie  water  beater.  These  two  elements  would 
sarily  increase  the  amount  of  coal  burned  in  any  steam 
r  compared  with  that  in  any  water  heater  when  the  condi- 

varied  as  stated.  Moreover,  in  heaters  of  the  general  type 
'"ated  it  is  impracticable  to  control  the  draft  areas  so  as  to 
the  heated  products  of  combustion  over  the  entire  heating 
-e,  from  which  fact  it  frequently  occurs  that  a  very  slight 
■s?e  in  demand  from  such  a  boiler  causes  a  great  increase  in 
mount  of  heat  carried  away  to  the  chimney.  The  steam 
are  and  actual  temperature  of  the  hot  water  circulated  are 
iven,  but  could  not  vary  the  conclusion  that  experiments  ot 
;inil  are  valuable  only  as  showing  the  relative  economy  of 
articular  heaters  employed,  operated  under  particular  con- 
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ditions,  and  that  from  such,  results  conclusions  cannot  be  drawn 
as  to  the  performance  which  would  be  obtained  with  other 
apparatus  for  the  same  purpose. 

Mr,  (arleion  W.  Nason. — While  Mr.  Carpenter's  interesting 
paper  is  important  as  working  in  a  field  of  experiment  in  which 
there  has  been  but  little  comparative  research,  it  is  to  be 
regretted  that  he  has  omitted  in  his  data  several  figures  which 
would  have  largely  increased  the  value  of  the  record,  not  only  as 
guiding  us  to  conclusions  as  to  why  the  results  reached  were 
obtained,  but  as  showing,  under  the  conditions  named,  thftt  tiie 
economy  in  favor  of  the  hot-water  system  might  have  been 
predicated. 

The  most  important  omissions  are  as  follows  : 

1st.  Average  temperature  of  the  water  in  circulation. 

2d.  Average  pressure  of  steam  used. 

3d.  Temperature  of  gases  in  the  chimney-throat  of  bo'^ 
boilers. 

Ith.  Average  temperature  of  the  gases  in  the  two  fire-bo^- 
before  coming  in  contact  with  the  fire  surface  of  fcJ 
boiler. 

Assuming,  however,  that  the  following  figures,  which  are  abc^ 
what  are  in  practice  commonly  used,  the  cause  of  the  econof: 
becomes  at  once  evident. 

Temperature  of  the  water  surface,  160  degrees. 

Temperature  of  the  steam  surface,  216  degrees. 

What  the  temperature  of  the  fire-boxes  is  we  do  not  kno"* 
but  taking  the  largest  average  comsumption  of  coal  for  24  hoix: 
which  is  given  for  the  steam-boiler  for  the  month  of  March,  18£ 
as  135.7  lbs.,  we  have  the  remarkably  low  consumption  of  6^i 
lbs.  per  hour,  or  1.89  square  feet — the  grate  area — into  tli 
weight,  of  3.21  lbs.  per  square  foot  per  hour.  Now,  with  so  sloi 
a  fire  I  think  I  am  not  much  out  of  the  way  in  assuming  that  tin 
smoke  temperature  will  not  greatly  exceed  400°. 

Looked  at  from  one  standpoint,  the  fire  surface  of  a  boiler  may 
be  considered  as  a  sort  of  "  strainer  "  placed  there  for  the  pur- 
pose of  extracting  heat  from  the  gases  on  their  way  to  the  chim- 
ney, and  the  greater  the  difference  in  temperature  between  the 
gases  and  the  cooling  surface,  the  finer,  so  to  speak,  the  strainer 
becomes,  or,  in  other  words,  the  cooler  the  gases  are  in  entering 
the  chimney — leaving  more  heat  behind  them. 

In  this  instance,  assuming  that  the  figures  I  have  taken  are 
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roximately  correct,  we  wouM  have  gasee  at  400'  coming  in 
tact  with  Borlace  at  216"  iu  the  Kt«iLm-case,  and  in  tliat  o[  the 
water  at  160°,  or  a  difference  between  the  two  of  66" ;  and  as 
fire  snrfaces  in  the  two  boilers  are  equal  in  area,  it  is,  there- 
,  evident  that  in  the  chimney-throat  of  the  hot-water  boiler 
wer  temperatore  of  about  56°  should  naturally  be  looked  for 
1  would  be  found  in  that  of  the  steam. 

Bsuming  again  that  the  temperature  of  the  air  passing  under 
grate  bars  is  €0°,  this  would  give  400'^  —  60'  =  340°,  as  the 
reea  of  temperature  actually  raised  m  the  fire-bos.  Now,  the 
difference  in  temperature  between  the  steam  and  hot  water 
"ace  is  16^;*  of  thia  amount  in  favor  of  the  hot  water,  or  very 
rly  what  is  claimed  by  Mr.  Carpenter, 
hat  this  line  of  reasoning  is  correct  is  proved  by  assuming 

the  rate  of  combustion  be  reduced  to  as  low  a  point  as  to 
>lop  a  fire-box  temperature  of  not  more  than  210° ;  then  the 
Its  from  the  steam-boiler  would  be  nil,  while  the  hot-water 
iT  would  still  be  to  a  certain  extent  effective,  delivering  its 
T  at  a  temperature  of  about  60°  lower,  or,  say,  at  110°. 
le  more  rapid  the  combustion  or  the  higher  the  gas  temper- 
i,  the  smaller  the  percentage  of  difference  between  the  tem- 
ture  of  the  fire  surface  becomes  when  compared  with  it,  and 
ess  difference  it  makes  whether  steam  or  hot  water  is  used. 
the  case  cited,  both  boilers  are  abnormally  small  for  the 
V  to  be  performed,  and  consequently  the  discrepancy  between 
1  is  greater  than  would  be  commonly  looked  for, 
^  gi-een-bouae  practice,  wliere  the  fire  is  carelessly  looked 
■,  or  the  external  temperature  fluctuates  rapidly,  there  are 
lin  advantages  obtained  by  the  use  of  steam,  from  the  way 
hich  the  heating  surfaces  can  be  rapidly  heated  or  cooled — 
e  being  stored  in  the  apparatus  only  the  specific  heat  of  the 

surfaces,  instead  of  tliose  of  a  large  body  of  hot  water  in 
alation  in  addition,  in  which  ease  green-house  temperatures 
t  be  partially  controlled  by  opening  ventilators,  and  heat 
I  hot  water  thus  lost.  But  with  boilers  of  alow  combustion 
e  results  are  evidently  more  than  offset  by  the  low  tempera- 

of  fire  surfaces  in  hot-water  boilers. 

Mr,  Carpenter  has  the  figures  I  have  alluded  to  as  not  given 
3uld  be  interesting  at  a  future  meeting  to  have  them,  in  order 
sarn  bow  nearly  they  correspond  with  those  I  have  assumed 

to  have  their  results  substantiated. 
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Mr.  J.  L.  Golteille. — There  is  no  doubt  in  the  minds  of  all  whi 
have  been  in  a  position  to  see  difi'erent  systems  of  heatiugii 
prftctice  that  hot  water  is  far  more  efficient,  because  of  a  i 
more  equable  temperature,  and  ie  more  economical  than  e 
steam  or  hot  air.  At  the  Nashville  meeting  you  may  remember 
that  this  subject  came  up  for  quite  a  good  deal  of  discussion, 
It  was  my  expression  then  that  in  a  very  few  years  we 
see,  especially  in  the  northern  parts  of  the  country,  a  decidet 
change  in  regard  to  hot  water.  That  change  has  come  about, 
will  venture  to  say  that  in  Canada  one-half  of  the  domestiu  -I 
heating  is  done  with  hot  water ;  and  I  will  venture  to  say  further  ■ 
that  in  Canada,  during  the  past  year,  there  have  been  taken  out 
more  steam  and  hot-air  systems  from  dwelling-houses,  and  water 
heating  substituted,  than  there  were  water-heating  plants  in 
operation  at  the  date  of  that  meeting.  I  believe  that  this  ex- 
periment of  Professor  Carpenter's  is  one  of  very  great  value; 
and  that  it  comes  about  as  near  being  correct  in  practice  as  any- 
thing which  is  done  in  that  way — notwithstanding  tlie  apology 
which  he  makes  in  the  beginning.  Almost  every  condition  haa 
been  fulfilled  to  give  us  an  idea  of  the  practical  working  of  the 
two  systems  side  by  side  under  almost  the  same  conditions,  and 
I  doubt  whether  we  wUl  see  another  experiment  so  valuable  to 
persons  putting  in  heating  plants  as  this  one  is.  It  is  certainly 
something  of  great  value  to  the  society ;  and  I  wish  at  the  next 
meeting  Mr.  Carpenter  might  give  ua  further  results,  just  as  he 
has  these,  so  that  we  might  study  them  and  compare  them  with 
our  own  practice. 

Mr.  D.  W.  HoUi. — As  a  native  of  Canada,  I  am  able  to  endorse 
what  has  been  said  by  the  last  speaker.  I  agree  in  the  main 
with  tlie  discusaion  which  has  taken  place  on  this  paper— that, 
theoretically  considered,  steam  heating  should  give  as  economi- 
cal results  as  hot^water  heating,  but  in  practice  it  does  not 
hold  good.  In  Canada  I  have  had  something  to  do  with  both 
steam  and  hot-water  heating.  I  am  entirely  disinterested  and 
have  no  object  in  using  one  system  more  than  the  other,  and 
have  been  compelled  in  a  number  of  instances,  from  purely 
practical  considerations,  to  use  hot-water  heating. 

Mr.  C'arpenfer. — I  desire  just  to  say  one  or  two  things.    I  would 
say,  in  the  first  place,  that  I  have  very  recently  founil  another  i 
report  of  a  similar  trial  made  by  the  Massachusetts  Experiment 
tal  Station  at  Amherst,  and  from  it  I  find  that  they  have  ob< 
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ed  even  a  greater  difference  than  I  have.  They  liad  very 
irent  boilers,  but  had  their  two  gieen-houses  aiTaoged  some- 
t  aimilar  to  oars.  I  am  not  certain  in  regard  to  the  details 
hat  test.  We  took  observations  of  the  temperature  of  the 
ping  gases,  but  did  not  take  them  regularly,  and  not  being 
'  satisfied  with  the  results  of  those  observations,  did  not 

them.  The  greatest  temperature  shown  by  these  meaaure- 
ta  of  the  escaping  gases  was,  from  the  steam  heater  about 
',  and  from  the  hot-water  heater  about  200°  ;  the  greater  pro- 
non  of  these  measurements,  however,  iudicated  an  average 
perature  abont  40°  less  than  the  results  given  above.  The 
perature  of  the  out-flowing  water  was  taken  a  number  of 
«,  and  usually  did  not  exceed  1*30",  although  in  one  instance 
found  it  as  high  as  190°.  The  temperature  of  the  return 
>r  was  from  15°  to  45°  below  that  of  the  out  going  water, 
ae  observations  I  did  not  consider  very  valuable,  from  the 
that  we  did  not  take  tbem  as  systematically  as  should  have 
t  done,  and  as  I  shoold  have  liked.  I  had  espected  to 
e  an  evaporative  test  of  the  steam-boiler,  but  could  not  find 
■  The  system  of  hot-water  heating  of  green-houses  in  which 
'h  cast  iron  pipes  were  used  is  hardly  as  economical  as  steam 
ing.  We  have  a  green-house  which  haa  been  heated  with 
vater  put  in  on  that  system  for  years.  I  may  say  that  that 
a-house,  where  the  pipes  are  4-inch   cast  iron,  took   more 

double  the  amount  of  fuel  this  last  winter  per  foot  of  area 
ed  than  this  green-house  put  upon  the  modem  system.  It 
y  experience  that  until  the  new  system  was  put  on  the 
tet  the  green-house  men  were  tlirowing  out  the  old-fasti  i  on  ed 
of  heating  green-houses  by  hot  water,  and  were  putting  in 
n.  Now  the  tide  has  set  the  other  way,  and  hot  water  is 
g  back  again. 

'  desire  to  say  in  regard  to  the  questions  asked  by  Mr, 
ry,  that  an  examination  of  the  structure  of  the  two  heaters 
show  that  there  is  uo  sensible  difference  between  the  heat- 
surface  in  the  steam  Jieater  and  in  the  hot  water  heater. 
reason  for  this  statement  will  clearly  appear  on  examination 
le  drawings  submitted.  The  pressure  carried  on  the  steam 
3r  averaged  rather  less'' than  two  pounds  per  square  inch, 
;afety-valve  being  set  to  blow  off  at  five  pounds.  The  only 
sure  on  the  hot-water  system  was  that  due  to  the  position  of 
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the  expansion  tank,  as  explained  in  the  article.  It  might  have 
been,  for  the  main  coils,  six  pounds  of  pressure.  The  tempera- 
ture of  the  hot  water  seldom  reached  160°,  and  so  far  as  our 
observations  oould  tell,  never  equalled  190°.  I  fully  agree  with 
Mr.  Emery  as  to  the  reason  for  the  relative  economy  of  the  hot 
water  as  compared  with  steam,  and  I  think  that  this  difference 
will  generally  be  found  in  ordinary  systems  of  heating,  since 
the  hot  water  is  used  at  a  much  lower  temperature  than  the 
steam. 


i   KEROBESE  IN  STFAM-BOILEllS. 


CCCXCVI. 
'SS   OX  KEROSENE  IN  STEAM-BOILERS. 


The  paper  od  this  subject  by  L.  F,  Lyne,  published  in  Vol. 
IX,,  page  247,  induced  me  to  give  the  oil  a  trial  in  the  boilers  of 
the  Steam  Heating  Plant  of  oar  State  Agricoltural  College  at 
Lansing,  Mich. 

The  boilers  experimented  on  are  of  the  ordinary  tubular  type, 
each  being  12  feet  in  height,  font  are  4  feet  in  diameter  each, 
and  the  remaining  two  each  5  feet  in  diameter. 

The  use  of  the  oil  was  commenced  in  April,  1889,  with  the 
boilers  very  badly  incrusted  with  a  hard  scale.  Previous  to  this 
time  the  only  method  used  to  remove  the  scale  had  been  by 
employing  a  workman  to  go  inside  the  boiler  and  knock  off  what 
conld  be  reached  with  a  hammer  and  scaling  iron.  The  esti- 
mated cost  of  this  method  of  cleaning  was  $18  tu  $25  per  annum 
for  each  boiler,  and  the  results  were  very  ansatisfactory,  as  more 
than  two-thirds  of  the  heating  surface  was  entirely  inaccessi- 
ble. The  scale  was  fully  three-eighths  of  an  inch  thick  in  many 
places. 

The  first  application  of  the  oil  was  made  while  the  boilers 
were  being  but  little  used,  in  the  warm  season,  by  inserting  a 
gallon  of  oil,  filling  with  water,  heating  to  the  boiling  point  and 
allowing  the  water  to  stand  in  the  boiler  two  or  three  weeks 
before  removal.  By  this  method  fully  one-half  the  scale  was 
removed  during  the  warm  season  and  before  the  boilers  were 
needed  for  heavy  firing.  We  found,  however,  that  a  more  effect- 
ual way  was  to  apply  the  oil  in  small  quantities  when  the  boiler 
was  iu  actual  use.  There  is  no  question  regarding  the  action  of 
kerosene  oil  in  softening  the  particular  scale  deposited  from  the 
water  which  we  use  (an  analysis  of  that  water  is  appended),  and 
it  also  seems  to  work  in  between  the  scale  and  the  boiler  plate 
in  such  a  manner  as  to  loosen  large  flakes  of  tfae  scale,  some- 
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times  fully  a.  foot  in  length.     On  opening  the  boiler  they  a 
found  deposited  on  the  bottom,  and  readily  removed  by  raket 

the  great  maas  of  the  scale,  however,  is  removed  as  a  fine  mudj 
through  the  blow-off  pipe. 

In  regard  to  the  quantity  to  be  used,  we  found  that  beyonii  tkl 
certain  amouut  no  benefit  seemed  to  result ;  for  boilers  4  feet  in 
diameter  and  12  feet  long  we  obtained  the  best  resultB  by  the 
use  of  2  quarts,  or  one-half  gallon,  for  each  boiler  per  week, 
and  for  each  boiler  5  feet  in  diameter  3  quarts  per  week. 

The  oil  was  readily  fed  by  adding  a  one-foui'th  inch  branch  to  a 
the  suction  pipe  of  the  feed-pump,  and  leading  it  to  a  vessel  c 
taining  kerosene  oil.     By  this  methed  a  quantity  as  large  or 
small  as  desired  could  be  introduced  into  the  boiler  at  the  same 
time  with  the  usual  feed,  and  in  the  form  of  an  emulsion  of 
water  and  oil. 

At  the  present  writing  our  boilers  have  less  scale  in  them  than  J 
at  any  previous  time  during  the  past  four  years,  and  the  small  ' 
amount  running  in  them  seems  to  be  soft  and  gi-adually  disap- 
pearing.    A  large  portion  of  each  boiler  shows  the  clean  black 
steel,  apparently  in  as  good  condition  as  when  new. 

I  do  nnt  believe  that  the  oil  will  produce  any  injurious  efieot 
on  the  iron — in  fact,  I  cannot  see  why  it  is  not  the  best  possible 
preservative  for  it. 

Our  boilers  are  at  some  distance  from  the  various  buildings  ' 
heated,  and  steam  is  transported  through  underground  pipes ; 
the  extreme  distance  being  about  800  feet  in  opposite  directions. 
Despite  the  small  quantity  of  kerosene  used  in  the  boilers,  the 
odor  was  perceptible  by  opening  an  air  valve  to  any  steam  radia- 
tor in  any  of  the  buildings. 

When  as  much  as  a  gallon  per  week  per  boiler  was  used,  the 
odor  was  very  strong,  but  with  one-half  that  amount  it  was 
hardly  perceptible,  and  only  to  be  noticed  when  an  air  valve 
had  been  open  a  long  time. 

Since  commencing  to  use  the  oil,  a  much  greater  deposit  of 
rust  scales  than  usual  has  been  found  in  the  various  steam-traps 
in  the  buildings,  indicating,  in  my  opinion,  that  the  oil  is  also 
exerting  a  cleansing  influence  on  the  pipes  of  our  whole  system. 

The  expense  of  this  oil  is  very  light,  as  compared  with  any 
other  preparation  for  cleansing  boilers  known  to  the  writer.  The 
expense  to  the  college  per  boiler  has  not  exceeded  12  per  an- 
num for  the  kerosene  used. 


KOTEB   OH  KEROSENE   IN   STEAM-EonJlltS. 

i  water  used  in  onr  boilera  is  obtainetl  from  a  flowing  well 
g  a  depth  of  260  feet  The  following  analysis,  by  Dr.  R.  C. 
■c,  ahowB  its  cfompositiou : 

CO,,  (Carbonate  Calcium) 20S  [inita  id  1,000,000. 

'  CO,,  (Cftrbonate  MagDesium) ~8    " 

CO.  (Carbonate Iron) 23     '■      ■' 


»  of  sulphates  and  chlorides  of  potash  nnd 
solid  parts.  8-35  to  1,000,000. 
. — The  oil  Dsed  was  refiued  kerosene  and  ii 


DISCD8SI0N. 

Henry  A.  PorterfieW. — It  may  be  of  interest  to  some  who 
been  troubled  with  scaling  boilers  to  state  that  some  of 
rges  which  are  used  and  sold  under  the  name  of  resolveuta 
1  sorts  of  names  are  crude  petroleum,  practically,  at  a  very 
ced  price.  I  have  no  doubt  that  many  of  you  who  have 
:heni  know  that.  I  would  like  to  state  that  at  the  next 
ig  I  hope  to  be  able  to  make  a  report  on  the  use  of  a 
nical  boiler  cleaner.  This  boiler  cleaner  is  to  be  put  on 
id  new  boiler  in  a  place  where  the  scale  is  veiy  difficult  to  j 
.lown.  Kerosene  and  petroleum  iiud  all  sorts  of  things 
leen  tried,  and  nothing  has  proved  perfectly  successful. 
ie  of  one  grade  of  petroleum  seems  to  do  very  well,  but  it 
ot  do  away  with  the  difficulty  entirely.  Kerosene  does 
one.  The  appliance  I  refer  to  is  called  the  Horuish 
uical  boiler  cleaner.  If  any  gentlemen  present  have  any 
ence  with  it  or  any  other  mechanical  appliance,  I  should 
y  glad  to  hear  from  them. 

C<irli-ti.m  H*.  NoMiii. — I  had  a  personal  experience  very 
■  to  that  spoken  of  by  Mr.  Carpenter.  Some  two  or  three 
Lgo  I  bought  a  boiler,  5  feet  by  16  feet,  horizontal  tubular, 
hand.  It  had  been  used,  I  think,  for  about  a  year  in 
yn  at  a  brewery.  The  boiler  was  in  perfectly  good  condi- 
!ccept  that  it  was  scaled  on  the  inside  to  a  thickness  from 
If  to  three-quarters  of  an  inch.  I  put  in  crude  petroleum 
lut  a  month,  using  about  one-half  the  quantity  which  Mr. 
iter  says  was  used  in  the  boiler  with  wliich  he  is  familiar. 
suit  was  entirely  satisfactory.  The  boiler  was  cleaned  in 
jur  to  sis  weeks,  and  the  s'.'ale,  instead  of  coming  off  in 
fragments,  came  off  in   large  flakes.     The  boiler  is  now 
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as  good  843  new.  The  oil  used  was  sach  crude  petroleum  as 
is  sold  by  Charles  Pratt  &  Co.  I  do  not  know  what  grade  it 
was,  or  where  it  came  from.     The  result  was  quite  satisfactory. 

Mr.  A.  F,  Nagle. — Why  did  Mr.  Nason  use  the  crude  petro- 
leum instead  of  the  kerosene,  as  recommended  by  Mr.  Lyne  as 
being  the  better  in  his  experience  ? 

Mr,  Nason. — It  was  convenient  to  take  the  advice  of  the  fore- 
man of  the  shop,  who  said  that  some  one  had  told  him  it  was  a 
good  thing  to  use. 
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cccxcvn. 
LENGTH  OF  AN  INDICATOR  CARD. 

(HemlKr  of  (be  Sociel;.) 

In  a  paper  *  at  the  last  meeting  I  called  attention  to  the  fuct 
Jiat  the  motion  of  an  indicatov  drum  is  governed  by  the  same 
law  which  controls  the  niotioQ  of  a  simple  mass  attached  to  a 
spiral  spring.  It  was  also  slinwn  tliat  the  drum  and  drum-spring 
have  their  natural  time  of  vibration,  which  could,  if  desirable,  be 
made  variable  at  will,  either  by  altering  tlie  length  of  the  siiring 
or  using  interchangeable  springs  of  different  strengths,  or  by 
Tarying  the  moment  of  inertia  of  the  drum  by  attaching  other 
masses  to  it,  or  otherwise.! 

The  amplitude  of  the  drum  motion  was  also  touched  npon 
and  it  was  shown  by  a  simple  arithmetical  ailment  that  if  the 
engine  forces  the  drum  to  osi.'illiite  in  less  than  its  natural  time, 
the  amplitude  of  its  oscillation  will  be  increased  by  an  amount 
dependent  on  the  elasticity  of  tlie  cord  or  other  countiotiou ;  and, 
in  the  same  way,  if  the  time  be  made  greater  the  amplitude  will 
be  decreased. 

T/iii  pn/ier  s'lpponen  the  prev-iotis  paper  to  have  been  read,  and  con- 
finnes  tlie  suhjert  hy  taking  up  more  at  length  the  question  of  the 
clinmfe  qfnin]ililmle. 

To  make  the  treatment  of  the  problem  more  general,  the  sup- 
position that  the  spring  l>  is  a  very  stiff  spring  will  be  aban- 
doned (see  Fig.  174,  which  is  the  same  as  Fig.  47  of  Paper 
CCCLXXm.)  and,  to  indicate  that  no  such  distinction  is 
made  between  them,  the  springs  will  hereafter  be  called  Si 
and  jSj. 

Neglecting  the  masses  of  S^  and  i^,  and  also  the  slight  bend- 

■PiiperSo.  CCt'LX.VIII. 

t  Some  inJicatorH  are  so  cnnwtructtd  tLat  tlie  drutn-apring  may  be  tightened  a  ' 
will ;  IhJB  liiia,  however,  no  efTrCt  upon  the  lime  of  vibration. 
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ing  *  ot  the  wire,  two  spiral  springs  can  differ  in  their  mechamci 
action  only  by  exerting  different  forces  for  the  same  amount  ( 
extension. 


I 


OSCILLATION   BY   A  SINGLE   SPRING. 

Before  discnasing  the  oacillation  of  a  mass  by  two  springs  the  ^ 
action  of  a  single  spring  should  be  had  clearly  in  mind.    This  is 
explained  in  works  upon  mechanics  with  more  or  less  care  and 
is"  treated  in  Eankine's  Applied  Mecluiiiics,   p.  494,  under   the 
head  "  542.     Straight  Oscillation." 

Let  0  (Fig.  175}  represent  the  face-plate  of  a  la' he  upon  which 
a  mass  m  is  guided  to  sUde  in  a  radial  direction  without  friction. 
Let  the  spring  S,  be  attached  to  the  face-plate  at  D  s.")  that  its   , 
natural  length  brings  the  centre  of  the  mass  to  the  centre,  0,  of  j 
the  face-plate,  as  shown  dotted. 

"When  the  lathe  is  not  running  m,  will  remain  at  rest  at  0  and 
to  maintain  it  in  any  other  position  .4,  a  distant  from  0,  the  J 
lathe  must  be  run  at  such  a  speed  as  will  produce  an  exact  1 
ance  between  the  centrifugal  force,  F',  of  m  and  the  lension, 
of  S,. 

If  w  is  the  angular  velocity  t  of  the  face-plate  the  centrifugal  1 


F'  =  mar^ 


(1) 


and,  a/,  is  the  number  of  pounds  required  to  stretch  the  spring  I 
one  foot  {or  ten  times  that  required  to  stretch  it  one-tenth  of  a  | 
foot),  the  tension  tor  the  distance  a  is 


«/, 


(2) 


*Iii  a  spiral  sprJDg  8abj«ct«(j  to  tension  or  ci>mpre»e)<)Q,alt1inug1i  the  iubId  ten- 
dency )9  to  twist  ilie  wire  itself,  tliere  is  &  elijrlit  tendency  to  bend  it,  wliioli 
imri'iwcs  witli  tLe  piuh  and  is  oolliing  toi  zero  giiich. 

+  The  angukr  velocity  is  tiie  Mnpar  velocity  of  a  point  at  one  foot  from  llie   J 
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iting  these  tliree  results  for  equilibrium,  when  the  oen- 
1  force  due  to  the  mass  of  the  spriug  U  neglected, 


F'  =  Tj  =  ma(ii'  =  a/t    . 


(3) 

(4) 


Ti  ia  proportional  to  a,  it  may  be  represeuted  by  the  arrow 
red  r,. 

rem  the  fact  that  n  cancels  out  of  the  equation  it  ia  clear 
;,  if  the  angular  velocity  of  the  face-plate  be  made  equal  to 


y/i  -7-  y'm,  the  mass  will  remain  balanced  at  any  distance  from 
he  centre,  «,  at  which  it  may  be  placed.  For  the  time  of  one 
evolution,  under  these  circumstances,  there  results  from  the 
lefinition  of  angular  velocity : 


to=    - 


Vi 


(5) 


When  a  mass  is  oscillated  in  a  right  line  by  a  spring,  neglect- 
ug  the  mass  of  the  latter  and  other  disturbanceB,  the  result  is  a 
imple  harmonic  osciUati<yn,  which  is  neither  more  nor  less  than 
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the  horizontal  projeotioii  of  the  motion  of  the  revolving  mi 
and  this  projection  furnisheB  all  the  facts  of  the  oscillation. 

The  following  are  the  correspondences  in  detail : 

The  semi-ampliiiMf^,  n.  of  the  oscillation  equals  the  radius  a. 

The  time  of  a  complete  oscillation  is  /„,  the  time  of  a  revoll 
tion,  and  is  the  same  for  any  amplitude. 

The  motion  of  the  oscillating  mass  is  such  that  it  is  atwai 
directly  beneath  the  revolving  one. 

The  extreme  tension  {or  compression)  of  the  osrillating  spring 
equals  T„  and  the  tension  at  any  time  is  T,  the  corresponding 
horizontal  projection  of  T",,  and  this  is,  therefore,  the  accelerat- 
ing force  which  controls  the  motion  of  the  mass.  It  is  easily 
seen  from  this  that  this  force  ia,  as  it  should  be,  proportional 
to  the  distance  of  the  oscillating  mass  from  its  mean  position,  or, 
what  is  the  same  thing,  to  the  elongation  of  the  spring. 

The  velocity  V  at  any  time  is  the  horizontal  projection  of  Uw 
velocity  F|,  of  the  revolving  mass,  therefore. 

The  greatest  and  least  velocities  are   T'^  and  0. 

OBCILLATrON    BY  TWO    BPRINaS. 

Suppose  that  a  second  spring,  S",,  be  added,  as  shown  in  Fig. 
176,  Let  it  be  of  such  a  length  that  the  mass,  when  attached  to 
S,  only,  will  have  its  centre  at  B,  distant  h  from  0,  as  shown  by 
the  dotted  circle.  Suppose  alwo,  as  before,  tliat  when  vi  is  at- 
tached to  Si  only  its  centre  will  be  at  0.  When  both  springs 
are  attached  the  mass  will  occupy  an  intermediate  position,  C, 
distant  c  from  0,  the  vahie  of  c  depending  upon  tJie  strengtlia  of 
the  springs.  This  position  must  be  that  in  which  the  two  springs 
piUl  with  equal  force,  and,  the  elongations  of  S,  and  S..  being 
respectively  OG  ~  c  and  BC  =  b  —  c,  this  leads  to  the  equation 


r 


Force  =  c/i  =  (6  -  e)/". 


(6) 


which  reduces  to 


m 


The  position  C  is,  therefore,  that  in  which  the  mass  will  be 
at  rest  when  the  lathe  is  not  running.    If  now  the  lathe  be  put  . 
in  motion  centrifugal  force  will  drive  the  mass  further  from  O^ 
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the  angular  Telocity  be  mails  equal  to  the  value  previounly 
for  it,  viz.,  vCA  -J-  -/'"i  the  mass  will  evidently  take  the 
m  B,  at  which  the  tension  of  Si  ia  zero.  For  greater  ve- 
a  the  mass  will  be  beyond  B  anil  for  less  it  will  be  between 
B. 

a  be  the  distance  of  the  mass  from  the  centre  for  anj 
a  velocity  ta,  then  the  equilibrium  between  the  tensiona 
le  centrifagal  force  ia  expressed  by  the  equation 

a/t  =  (h  -  a)/,  +  »Haa-' (8) 


(9) 


3  equation  shows  what  has  been  stated  already,  that  when 
■/i,  that  is,  when  the  centrifugal  force  is  balanced  by  S, 

a  =  b,  while  for  less  and  greater  values  of  cj  a  will  be  re- 
vely  less  and  greater  than  h.  For  a>  h  St  will  be  cono- 
id while  for  a  <  6  it  wiU  be  stretched. 

'  mass  is  represented  at  the  same  distance  from  the  center 
;he  preceding  figure,  but  that  it  may  be  iu  eqailibrium  at 
loint  the  velocity  must  be  enough  less  (as  indicated  by 
orter  arrow)  to  allow  for  the  pull  exerted  by  S-i . 
understanil  the  motion  of  the  mass  in  Pig.  174  it  sofSces  to 
ler  the  horizontal  projection  of  the  arrangement  Just  de- 
d,  as  was  done  in  tbe  previous  case. 

;lie  horizontal  projections,  Fig.  176,  a  harmonic  oscillation 
posed  to  be  given  to  the  piece  B'  so  that  its  end  B'  oscil- 
witli  an  amplitude  2h  about  the  central  position.  This 
takes  tlie  place  of  d,  Fig,  174,  its  amplitude  being  called  26 
ee  of  2a.  The  first  and  last  horizontal  projections  show 
treme  positions,  while  the  third  shows  the  middle  position, 
■  the  springs  have  their  natural  lengths;  the  second  pro- 
1  shows  an  intermediate  position.  The  velocity  and  accel- 
g  force  at  any  point  can  be  found  as  before  by  horizon- 
trojecting  the  force  and  velocity  of  tlie  revolving  mass. 
rrow  representing  the  force  can  still  be  drawn  from  .4  to  0 
iiig  a  different  scale  to  that  previously  employed,  and  it 
^present  the  difference,  T",  of  the  tensions  of  the  springs, 

the  varying  length  of  its  projection  will  represent  the 
;iQg  difference  of  tensions  for  the  harmonic  oscillation. 
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H^ L 


^^^       "^^ 


H^^    ^ 


THE   LENGTH    OF  THE   CARD. 

The  length  of  an  indicator  card  is,  therefore,  given  by  the 
value  of  a  in  the  last  equation,  where  //  will  be  the  reduced 
length  of  the  engine  stroke,  /,  and  /j  respectively  the  number  of 
pounds  retiuired  to  unwind  a  foot  of  cord  from  the  drum  and  . 
to  stretch  the  cord  connection  a  foot  (or  ten  times  the  force  r&-  i 
quired  tor  a  tenth  of  a  foot),  ii?  the  angular  velocity  of  the  en- 
gine, equal  to  2  tz  ~-  time  of  one  revolution,  and  m  the  moment 
of  inertia  of  the  indicator  drum  divided  by  the  square  of  the 
radius  of  the  drum  pulley  expressed  in  feet  and  measured  to  the 
centre  of  the  cord. 

The  only  feature  yet  unexplained  in  Fig.  174  is  that  the 
springs  therein  are  supposed  to  sustain  an  extra  tension  of  thir- 
ty-two pounds,  while  in  the  horizontal  projections  of  Fig.  176, 
the  springs  are  compressed  when  m  is  to  the  left  of  the  centre. 
To  put  such  a  tension  in  the  device,  Fig.  176,  nothing  more  ia 
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y  than  to  suppose  the  supports  D  and  ff  to  be  extended, 
1  indicated  in  dotted  linea,  by  amounts  inversely  proportional  to 
le  sttengtliB  of  the  spriugs.  Thus,  let  the  left-hand  end  of  jS, 
>  So  extended  a  distance  /j  and  the  right-hand  end  of  S^  a  dis- 
'••26  /i,  then  the  tension  in  each  spring  will  be  increased  by 
e  amount  ^iTa  and,  no  matter  where  the  horizontally  oscil- 
^i:ng  mass  may  be,  it  will  not  feel  the  change,  because  the  dif- 
''enoe  of  the  tensions  will  remain  unchanged, 
Ky  thus  stretching  the  springs  at  their  ends  not  attached  to 
^  mass,  and  by  amoimts  proportional,  instead  of  equal,  to/i 
■^fi,  any  desired  constant  tension  may  be  added  to  the  varying 
■nsiou  and  compression,  so  that  the  springs  may  be  kept  in 
^tasion  throughout  the  whole  oscillation,  as  is  supposed  to  be 
16  case  in  Fig.  174. 

VAIDES   USED   IN  THE  FIGURES. 
In  oonstmcting  Figs,  175  and  176  the  following  are  the  values 
ssumed : 

/.  =  1 ;  /,  =  2  ; 

r.  =.8;   T'  =  A; 

r„  =  1.6v2;    r'=l.C; 
w  =  2  ^  and  2  ; 
t=7i^\  and  TT. 
In  Fig.  176  the  dotted  extension  of  -S,  is  made  twice  that  of 
2 ;  there  was,  however,  not  enough  room  to  indicate  sufficiently 
reat  extensions  to  prevent  some  compression  toward  the  lett- 
and  end  of  the  oscillation. 

SECOND    METHOD. 

Another  way  of  treating  the  problem,  which  leads  to  the  same 
jsult,  will  now  be  explained. 

Suppose  that  the  engine  revolves  in  a  longer  time  than  the 
atural  time  of  drum  oscillation,  so  that  a  is  less  than  6. 

Let  the  spring  iS,  be  supposed  to  be  divided  lengthwise  into 
no  springs,  .S','  and  S, ".  Were  Si  a  flat  band  of  rubber  a  longi- 
idinal  cut  would  so  divide  it,  but  for  the  spiral  spring  two 
thers  of  the  same  length  must  be  substituted.  Let  their  com- 
iued  strength  be  the  same  as  that  of  the  original  spring,  that  is, 

//  +  /."=/. (10) 


{ 
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and  let  5,'  be  made  of  such  streugth,  /,',  that  it  alone  v 
the  mass  to  oacUlate  in  tlie  same  time  as  the  cross-hea 
SQppoBe  Si   and   S["  to   be   disconnected   from   the   d 
attached  to  eacli  other  bj  a  Huk  occupying  the  same  length  as 
the  mass,  thus  leaving  m  entirely  under  the  control  of  S,' ;  iJ  j 
now  the  amplitude  of  the  moss  be  made  such  that  the  mass  a 
link  remain  together^t'.e.,  oscillate  with  the  same  amplitude- 
the  problem  ia  solved. 

Thus,  according  to  the  numerical  values  already  given  for  Fig. 
176,  Si'  and  Si"  will  be  equal  springs  of  half  the  streugth  of  Si, 
for  equation  (,5)  becomes 


^=2,-j/™  =  2.|/i-,=  .. 


/.'=  -0. 


(11) 


which,  substituted  in  (10),  give: 


+  /,"=!, 


/." 


(12) 


Now,  when  S,  and  SI"  are  linked  together  and  the  other  end  of 
the  former  oscillates  with  the  semi-amplitude  h,  the  link  will 
oaciUate  with  an  amplitude  dependent  ou  the  relative  strengths 
/"  and /j.  In  fact,  if/'  ia  the  number  of  pounds  to  stretch  a 
spring  one  foot,  one  pound  will  stretch  it  a  distance  expressed 
by  1  *^/,  so  that,  for  each  pound  tension  applied  at  B,  the  sum 
of  the  elongations  of  the  two  springs  is 


Ehngaiwn  per  pound 


1 


(13) 


But  the  total  elongation  for  the  two  hnked  springs  equals  the 
semi-amplitude  b,  and  the  semi-amplitude  a  is  the  elongation  of 
Si",  which  gives  the  proportion 


-/."  ■  /;' 


w 
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When  the  mass  has  this  semi  amplitude  a,  S,'  and  Si'  will 
always  remain  eqnal  in  length,  so  that  it  is  manifestly  a  matter 
ol  indifference  whether  they  be  regarded  as  two  separate  springs 
or  as  united  into  one. 

^Tiere  a  is  greater  than  b  a  different  supposition  is  to  be 
made. 

Suppose  then  that  5j  be  temporarily  removed  and  another 
spring  Si,  differing  from  S-,  only  in  being  longer,  be  attached  to 
the  mass  and  to  a  fixed  point  to  the  right  of  the  sliding  piece 
B'.  Let  the  length  of  iS;'  be  such  that  the  combined  stiength  of 
Si  and  i?j'  will  be  sufScient  to  oscillate  the  mass  in  the  same  time 
with  the  cross-head,  i.e.,  give//  such  a  value  as  to  satisfy  equa- 
tion (5),  thus  : 

(.  =  2M/^^- (IS) 


^'V^ 


where  1^  is  the  time  of  revolution  of  the  engine  and,  therefore, 
of  the  oscillation  of  li'. 

For  a  spring  infinitely  long  y/  would  be  zero  and  it  can  be  in- 
creased to  any  amount  by  shortening  the  spring,  therefore  (15) 
can  always  be  satisfied. 

Now  let  the  fixed  point  be  so  chosen  that,  were  the  mass  con- 
nected with  S-/  only,  it  would  stand  in  its  central  position,  just 
as  it  would  if  connected  with  Si  only. 

Under  these  circumstances  the  mass  will  oscillate  in  the  time 
desired  and,  if  the  proper  amplitude  a  be  given  to  it,  the  left- 
hand  portion  of  AV,  between  the  mass  and  that  point  whose 
semi-amplitude  is  h,  will  be  identical  with  ■$;,  and  will  be  equally 
compressetl.  It  must  be  equally  compressed  because  S/  exerts 
the  same  force  on  the  mass  as  ^;,  otherwise  the  time  would  not 
be  the  same,  and  some  point  must  have  the  amplitude  b,  because 
b  <  n  and  all  points  of  a  spring  oscillate  with  amplitudes  pro- 
portional to  their  distances  from  the  fixed  end. 
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It  is  therefore  a  matter  of  indifference  whether  the  connec-1 
tionwithfi'  be  regarded  as  made  or  not,  inasmuch  as  H'  and  the  I 
point  on  the  spring,  having  the  same  semi- amplitude  h,  muai-l 
remain  together  anyhow. 

To  make  this  supposition  correspond  as  nearly  as  possible  J 
with  that  made  for  a  less  than  h,  the  spring  S-i  may  he  regarded  J 
as  the  difference  of  two  springs  ^S-i  and  Sj",  the  latter  being  that  1 
part   of  •%'  which  reaches  from  the  fixed  point  to  the  point 
whose  semi-amplitude  is  h;  i.e.,  S^'  may  be  regarded  as  the  sum 
of  Si"  and  5,. 


iff.  Chas.   W.  Baniahy. — I  have  been  considerably  interested  I 
in  this  paper.     From  1883  to  1886  I  gave  this  indicator-drum  ( 
matter  some  attention,  and  in  a  paper*  which  I  presented  at  the  ] 
Chicago  meeting  in  the  latter  year,  under  the  title  of  "Another  1 
New  Steam-engine  Indicator,"  I  went  over   the  ground  pretty  J 
thoroughly,  showing  how  the  paper  carrier  might  be  placed  be- 
tween two  sets  of  springs,  in  the  way  of  which  the  author  speaks, 
and  reciprocated  at  a  liigh  speed,  when  there  wa.s  necessarily  con- 
siderable force  to  overcome,  by  a  cord  under  very  light  tension. 
I  will  not  undertake  to  go  into  details  at  the  present  time,  but 
will  merely  refer  those  interested  in  the  subject  to  that  paper. 

Mi:  H.  H.  Snpljv. — In  regard  to  the  alteration  of  the  length  of 
indicator  cards  by  various  disturbing  forces,  I  had  an  experience 
in  the  case  of  a  tandem  Corliss  engine,  where  the  distance  from  the 
reducing  motion  to  the  drum  of  the  instrument  was  quite  long 
— at  least  10  feet — and  I  got  such  very  irregular  results,  owing 
to  the  stretch  of  the  string,  that  instead  of  endeavoring  to  cor- 
rect for  it,  I  did  my  best  to  eliminate  it,  I  succeeded  fairly 
well  by  running  a  thin,  flexible  "wire  from  the  reducing  motion 
straight  back  past  the  cylinder,  and  attaching  it  to  a  stout 
spiral  spring,  thus  placing  the  greater  portion  of  this  long  con- 
nection in  the  shape  of  a  practically  inextensible  wire ;  then  I 
was  able  to  run  the  cfird  from  the  indicator  down  to  an  arrange- 
ment making  quite  a  short  connection.  It  seems  to  me  that  in- 
steail  of  trying  to  correct  these  errors,  we  should  try  to  elimi- 
nate them. 

Prof.    Wefifi. — The  paper  is  purely  a   diacussion  of  what   the 
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jotof  the  elasticity  of  the  string  is,  and  tbe  limits  which  I 
igned  to  it  forbid  a  discuBsiou  of  the  advlHabilitj  ami  methods 
avoidiDg  that  stretch.  There  are  a  number  of  ways  in  which 
nay  be  done,  and  in  the  paper  to  be  read  by  Professor 
iobus  one  is  described  which  wjis  tried  successfully  with  the 
wtncket  engine.  In  any  way  of  avoiding  the  stretching  of  the 
n^,  care  must  be  taken  not  to  introduce  friction,  because  that 
duces  a  change  of  phase,  and  invalidates  the  card  to  a  cer- 
i  extent.  Alteration  in  length  is  not  a  disadvantage  if  uni- 
Q,  and  the  uecesBity  for  elimination  is  only  because  it  may 
letimes  not  be  xuiiform  from  some  disturbing  cause. 
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CCCXCVIII. 
SOME  EXPERIENCES  WITH  CRANE  CHAINS. 


(Uember  at  the  aucletj'.) 

At  the  Waaliington  meeting  tLere  was  some  discuasion  on  thdl 
subject  of  chains  used  for  cranes,  in  wliich  the  opiaiou  was  es-f 
pressed  by  the  writer  that  the  failure  of  such  chains  waa  almostl 
invariably  due  to  the  use  of  bad  material  in  the  construction  oim 
the  chain,  and  not  to  any  mysterious  deterioration  of  the  iroal 
from  use.  This,  of  course,  has  nothing  to  do  with  the  failure  oil 
chains  manifestly  too  light  tor  the  use.  This  opinion  was  based  I 
on  a  considerable  personal  experience  with  wrought  iron  in  con-  f 
atruction,  beginning  with  tests  of  material  for  the  St.  Louis  J 
Bridge. 

During  the  past  year  I  have  had  a  little  experience  bearing  J 
dbectly  on  this  subject.     We  have,  in  the  foundry  departmeoil 
of  William  Tod  &  Co.,  a  power  crane,  on  which  we  have  occa-l 
sionally  to  lift  twenty-five   tons.     The  crane  waa  built  aboafcl 
fifteen  years  ago,  and  equipped  with  a  chain  made  of  l^-iuch  1 
iron,  running  over  sheaves  sixteen  inches  diameter.     The  wind- 
ing dram  is  twenty  inches  diameter,  the  drum  and  sheaves  all   ' 
being  grooved  deeply  enough  to  prevent  the  links  touching  the 
bottom  of  the  grooves.     The  chain  had  become  considerably 
worn  in  the  Iwnds  of  the  links,  and   had  broken,  perhaps  twice, 
but  not  at  the  worn  places.     We  ordered  a  new  chain,  taking 
some  pains  to  try  to  find  reliable  chain-makers,  and  to  impress 
on  them  the  necessity  for  the  best  material  and  work.     Within 
two  weeks  after  putting  on  the  new  chain  it  broke  under  a  load 
not   exceeding   eighteen  tons  on  the  crane,  the   fracture  being  ] 
short  at  near  the  middle  of  the  straight  sides  of  the  link.     The   i 
ohain-mannfacturers    then    made    another   one,   hut  before   it  J 
arrived  the  chain  in  use  failed  again,  under  a  crane  load  of  not  | 
nore  than  twelve  tons. 

The  link  first  broken  was  sent  away,  but  in  the  accompanying 
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fUtistration,  Fig.  180,  is  one-half  of  the  link  last  broken.  Fig.  181 
's  another  link  from  tlie  same  chain,  cut  out  and  broken  to  e^- 
*mine  the  qiiality  of  the  iroD,  and  Fig.  182  is  a  link  from  the 
^'■Qaiis  last  made  and  now  in  use.  This  link  was  cut  open  hot  at 
.  Qe  ©nd  to  remove  it  from  the  chain.  It  was  then  nicked  on  the 
,  ^l^e  of  the  bend  at  the  other  end,  and  maahed  down  under  a 
***Muer  to  its  present  shape.  The  link  first  broken  presented 
**"*ietnre  similar  in  appearance  to  that  of  Fig.  180. 
-^^ow  here  was  a  chain  which  failed  twice  in  the  first  month  of 
.  ^  nae,  while  only  two,  or  possibly  three,  links  had  been  broken 
^^m  the  old  chain  in  fifteen  years'  continuous  use.  The  crya- 
^Xlizntion  theory  will  hardly  account  for  this,  although  the 
^^^ctures  of  the  broken  links  present  the  same  appearance,  and 
^*e  just  sucli  as  are  usually  attributed  to  that  popular  <lelu- 
^Xon.  The  photograph  tells  the  whole  story.  The  iron  is  cold- 
^liort,  and  totally  unfit  for  the  use. 

In  characterizing  the  crystallization  theory  as  a  deluaion  T  am 
X>erfectly  aware  that  iron  is  often  subjected  to  such  severe  flex- 
lare  or  vibration,  continuously,  as  to  destroy  its  cohesion  and 
lender  it  weak  and  brittle  ;  but  while  a  crane  chain  in  constant 
"OBe  IB  treated  rather  rudely,  it  does  not  receive  anything  like 
Ba£Scient  punishment  to  produce  such  an  effect.  The  fracture 
would  also  be  quite  different  in  appearance,  bright,  it  is  true,  • 
but  presenting  a  surface  of  rounded  granules,  rather  than  sharp  ^ 
crystals. 

This  condition  is  probably  caused  by  a  gradual  breaking  up 
of  the  fibres,  without  any  of  the  supposed  rearrangement  as  crys- 
tals, and  is  doubtless  very  weak  as  well  as  brittle  ;  while  cold, 
short  iron  is  usually  very  strong  against  a  direct  pull. 

A  phosphorus  determination  from  borings  from  Fig.  180 
showed  .00125,  or,  as  it  is  usually  expressed,  .125  of  one  per 
cent.,  which  is  sufficient  to  account  for  the  character  of  the  iron. 
The  last  chain  in  the  present  case  has  not  failed  in  any  way 
up  to  the  present  time,  and  if  it  is  all  of  as  good  material  as  the 
link  mashed,  Fig.  182,  it  wdl  probably  only  give  out  when  worn 
to  an  insufficient  section  at  some  point. 

The  question  of  principal  interest  to  most  of  us  is,  how  to 
obtain  good  cliains.  I  know  of  but  one  certain  way,  and  that 
involves  some  trouble  and  expense.  I  refer  to  the  inspection  of 
the  material  before  manufacture,  and  of  the  workmanship  after, 
by  a  competent  engineer. 
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Giving  a  piece  of  obain  a  mild  pull  in  a  testing  machine  j 
enables  the  mannfacturer  to  tsertify  that  it  has  been  "  tested," 


and  may  oecaaionally  open  a  particularly  bad  weld,  but  can  serve 
no  other  useful  purpose. 

The   ability  to   stand   bending   cold   is   the   most   important 
-quality  of  chain  material,  because  that  is  the  principal,  if  not 
ihe  only,  cause  of   chain  failure.     lu  fact,  for  this  purpose  the 
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d  bend  test  will  uBually  show  all  the  engineer  wants  to  know 
the  material. 

-  erhaps,  as  the  milleimiitm  upproachea,  a  certificate  of  inspec- 
Q  which  shall  mean  something  will  accompany  all  chains.  At 
'Sent,  however,  we  shall  liave  to  conduct  the  inspection  at  our 
a  expense,  or  take  what  we  can  get.  There  are,  undoubtedlj, 
'e  manafactureTB  who  would  make  chain  to  suit  our  specifi- 
ons,  if  not  hampered  in  price ;  and  there  may  be  some  who 
-e  reliable  work  of  their  own  free  will ;  but  the  search  for 
t»  is  not  certain  to  be  short  or  inespensive.  Our  own  espe- 
ce  in  this  direction  haa  not  been  reassuring.  At  any  rate, 
are  not  likely  to  get  good  chain,  or  good  anything  else, 
B>8S  we  ask  for  it.  And  as  long  as  we  are  willing  to  believe 
K  a  brittle  link  was  made  so  by  some  mysterious  infiuence 
Itondition  of  its  use,  so  long  will  chains  be  made  of  cheap 
|*Bhort  iron. 
I  DISCUSSION. 

a",  Gu8.  C.  Henning, — The  experience  given  in  the  paper  nn- 
'ooi^ideration  is  unfortunately  one  of  too  common  experience, 

,  the  photograjjlis  shown  and  explanations  given  leave  no 
,bt  that  the  fault  of  the  chain  was  solely  cold-shortness — high 
)sphorus.     This  percentage  of  phosphorus  is  a  very  common 

in  some  of  the  best  iron  made  in  Pittsburgh  and  elsewhere, 
^ng  in  the  tension  test  as  much  as  from  51-56,000  lbs,  tenacity, 
30  per  cent,  elongation  in  8  inches,  and  from  35-60  per  cent. 
action,  accordingly  as  the  material  is  tested  in  bars  of  from  | 
les  to  2i;  inches  diameter,  all  these  factors  changing  in  propor- 
1  to  the  diameter,  or  work  done  during  rolling.  This  same  iron, 
.-ever,  although  welding  admirably  when  using  a  bright  coke  or 

fire,  will  give  considerable  trouble  with  coal  fire.  Further- 
.■e,  although  this  material  when  it  comes  from  the  rolls  is 
roughly  fibrous,  and  shows  no  crystallization  whatever,  it  is 
cisely  of  that  quality  which,  when  subjected  to  beating  and 
imering,  or  heating  and  tjuenching,  will  become  granular  or 
italiine,  and  become  valueless,  especially  for  chains,  every  link 
.-liich  is  heated,  re-heated,  welded,  and  hammered. 

wish  to  add  my  opinion  to  that  of  the  author,  that  there  is 
inch  tiling  as  gradual  crystallization  of  iron  when  properly 
;1,  although  constantly  in  vibration.  The  iron  shown  and  de- 
bed,  however,  can  be  injured  by  shock,  or,  rather,  percussion, 
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and  this  can   occur  in  crane  chains,  wliich  are  generally  vei] 
roughlj  handled.     They  often  stick  nnder  heavy  castings  ot- 
forgings,  and  then  a  sledge  is  used  to  loosen  them  ;  tins  sledging  ' 
can  in  such  iron  produce  granulation  and  ultimate  failure  of  the 
chains. 

Inasmuch  as  such  abuse  is  of  common  occurrence,  enough 
care  cannot  be  exercised  in  the  selection  of  a  low  phosphorus 
and  low  sulphur  iron,  nor  can  the  process  of  manufacture  of 
chains  be  too  carefully  watched  at  all  times. 

With  such  iron  the  workmanship  is  all  important,  and  evenl 
with  the  greatest  care  many  defects  may  exist ;  and  inasmuch  aa  ' 
smiths  are  prone  to  cold-finishing,  to  use  water  on  hot  material, 
and  to  straighten  material  cold  by  sledging,  an  iron  should  be 
selected  which  cannot  be  injured  by  such  treatment.     This  can  , 
be   readily    done    by    intelligent    inspection,  and  there  wouldJ 
be  no  difficulty  in  obtaining  a  material  which  will  give  entir 
satisfaction,   being  free  from  accidental  liability  to   injury   by^ 
any  rough  treating  sliort  of  cutting. 

Unfortunately,  the  makers  of  chains  do  not,'  as  a  rule,  ta^O  A 
the  proper  means  to  have  their  material  inspected,  and  generally  "i 
depend  almost  entirely  upon  tension  tests  and  welding  tests,  and  1 
as  long  as  no  gi'anulation  appears,  the  material  is  supposed  to  . 
be  satisfactoiy.  The  proper  manner  to  inspect  and  test  this  ma- 
terial is  to  subject  it  to  such  treatment  as  it  can  be  subjected  to 
by  rough  usage,  and  then  determine  whether  such  handling  will  . 
injure,  or  develop  dangerous  qualities,  or  injure  good  ones. 

With  our  present  knowledge  of  materials,  processes  of  manu- 
facture, and  accessibility  of  testing  apparatus,  there  is  no  excuse 
for  using  material  which  is  not  of  suitable  quality  for  chains,  or 
for  any  purpose  whatever. 

The  old  test  of  applying  a  proof-load  is  of  no  value  whatever, 
as  it  does  not  discover  defects  which  careful  inspection  could 
not  reveal.  Such  defects  which  would  be  developed  by  this  test 
only  exist  when  the  work  has  been  carelessly,  negligently,  or 
cheaply  made. 

The  fracture  shown  in  the  paper  is  distinctly  that  of  a 
material  unfit  for  chains,  although  of  very  excellent  qualities  for 
almost  any  purposes  except  where  welding  and  hammering 
becomes  necessary,  or  where  accidental  injury  by  percussion  is 
possible  or  liable  to  occur. 

This  material,  a  fracture  of  which  is  shown  in  Fig.  180,  would, 
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31  normal  conditions,  show  a  fracture  as  Fig.  182  when 
cen  as  described. 

he  main  tronble  in  obtaining  the  proper  material  would  be 
price  that  is  asked  for  it,  bnt  as  the  cost  of  workmanship 
generally  greater  in  cbaina  thau  that  of  the  material,  this 
aid  not  be  of  primal  importance. 

Iven  considerable  abrasion  of  running  chains  should  not  in- 
'-  the  material  sufficiently  to  make  it  inferior,  much  less  to 
ae  rapture. 

[oreover,  as  electric  welding  is  at  the  present  day  a  complete 
%B8,  as  far  as  welding  of  simihir  pieces  of  cylindrical  seo- 
is  concerned,  there  should  bt  uo  difficulty  in  obtaining  the 
t  perfect  chains.  Electric  wekU  are  guaranteed  to  have, 
er  snch  conditions,  fnlly  95$  of  the  original  bar  section. 
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CCCXCIX, 
J.V  AUTOMATIC   ABSORPTION  DYNAMOMETER. 


The  desirability  of  maintain!  tig  a  uniform  load  upon  an  engind  1 
used  for  experiments  and  tests,  of  accurately  measuring  the  use-  I 
ful  power  developed  by  tlie  engine,  and  of  automatically  regi 
lating   the  rate  at  which  energy  is  absorbed,  led  to  the  coit 
struction  of  the  device  herein  described. 

This  dynamometer  is  essentially  a  friction  brake,  in  which 
the  pressure  causing  the  friction  is  distributed  over  a  compara- 
tively large  area,  thus  giving  a  low  intensity  of  preaeure  between 
the  rubbing  surfaces.     The  pressure  is  produced  by  the  action 
of  water  from  the  city  pipes.     Enough  water  is  allowed  to  [ 
through  the   machine  to  carry  off  the  heat  due  to  the  energy  j 
absorbed.     The  rubbing  surfaces  are  finished  smooth  and  run  i 
a  bath  of  oil.     A  valve  operated  by  the  slight  angular  motion  ' 
of  the   dynamometer  varies   the   supply  of   water,  and  conse-  , 
quently  the  pressure  between  the  frictional  surfaces,  thus  secur- 
ing antomatic  regulation. 

Keferring  to  the  drawings,  A  (Fig.  185)  is  an  iron  disk  keyed  I 
to  the  crank  shaft  B.  The  sides  of  this  disk  are  finished  smooth, .] 
and  each  side  has  one  or  more  shallow  radial  grooves  as  shown  ] 
at  .Y(Fig.  183),  The  outer  shell  consists  of  two  pieces  of  cast-  ] 
iron,  CC,  bolted  together,  but  held  at  a  fixed  distance  apart  by  J 
the  iron  ring  D — whose  thickness  is  the  same  as  that  of  the  disk  I 
A — and  by  the  edges  of  the  copper  plates  EE.  Each  of  these  ] 
plates  at  its  inner  edge  makes  with  the  cast-iron  shell  a  water-  1 
tight  joint  by  being  "  spun  "  out  into  a  cavity  in  the  iron  and  \ 
held  by  driven  rings  FF.  Thus  between  each  copper  plate  and  J 
its  cast-iron  shell  there  is  a  water-tight  compartment,  It'lF,  into  I 
which  water  from  the  city  pipes  is  admitted  at  fr,  and  passing  1 
to  the  opposite  compartment  through  passages,  as  shown  at  0,  i 
B  discharged  through  a  small  outlet  at  If. 
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'he  chamber  MNN  is  filled  with  oil,  which  finds  its  way  from 
o  J/"  along  the  grooves  in  the  disk  A. 

'he  shaft  is  free  to  revolve  in  the  bearings  of  the  east-iron 
Tl  CC.  The  shell  has  an  arm  carrying  weights,  as  shown  in 
;■  (1\  The  arm  has  its  angular  motion  limited  by  stops  at 
wtl  Q. 

In  automatic  valve  at  T'" {Fig.  184),  and  shown  in  sections — 
fs.  186  and  187 — regulates  the  supply  of  water  to  the  machine, 
^he  valve  consists  of  two  brass  tubes  fitted  one  inside  the 
er,  but  free  to  revolve  relatively  to  one  another.  The  inside 
e  has  one  end  closed.  Each  tube  has  slots  parallel,  or  nearly 
allel,  to  its  axis.     One  tube  connects  with  the  supply  pipe  S, 


other  tube  with  a  pipe  rigidly  fixed  to  the  brake  and  com- 
licating  with  one  of  the  compartments  W.  A.  flexible  tube,  S, 
loses  the  whole.  The  valve  is  so  adjusted  that  a  slight  angu- 
motion  of  the  brake  varies  the  free  water  passf^e  through 
slots  (see  Fig.  187);  and  tlie  aperture  at  //,  through  which 
water  is  discharged,  being  small  and  constant,  tlie  pressure 
he  water  in  the  chambers  \V\i'  is  thus  automatically  varied. 
he  dynamometer  is  operated  as  follows  :  The  chamber  NNM 
ig  filled  with  oil,  weights  are  suspended  from  the  arm  to 
)  the  desired  loafl.  The  engine  is  started,  and  when  up  to 
;d  a  valve  is  suitably  opened  in  the  water-pipe  leading  to 
automatic  valve  ( F],  which  latter  being  open,  allows  water 
lass  to  the  compartraeots  W  W.  The  pressure  of  this  water 
es  the  copper  plates  against  the  sides  of  the  revolving  disk 
-with  which  they  were  already  in  contact — causing  sufficient 
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friction  to  balance  the  weights  upon  the  arm,  which  then  rises. 
This  motion  operates  the  automatic  valve,  checking  the  flow  of 
■water  to  the  brake  and  regulating  the  moment  of  the  friction  on 
the  disk  to  the  moment  of  the  weights  applied  to  the  arm  of  the 
brake.  The  first  trial  of  the  machine  gave  remarkable  results, 
the  arm  standing  midway  between  the  stops,  with  only  a  slight 
and  slow  vibration,  and  this  without  the  use  of  a  dash-pot.    The 


water  seems  a  little  sluggish  in  its  action  in  response  to  the  mo- 
tion of  the  regulating  valve,  so  that  there  is  no  sudden  vibration 
of  the  arm,  and  the  load  is  practically  constant. 

The  low  intensity  of  pressure  at  the  friction  surfaces,  their 
smooth  finish  and  perfect  lubrication,  a  constant  temperature 
maintained  by  a  uniform  flow  of  the  coohng  water,  and  the  slug- 
gish action  of  the  water  in  response  to  the  slight  motions  of  the 
regulating  valve,  are  all  favorable  to  the  unusual  steadiness  and 
complete  regulation  realized  in  the  actual  operation  of  the  brake. 
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(MemlMp  of  Oiv  Sudety,) 

^*^  has  been  said  that  more  engineering  skill  was  shown  in 

^iding  the  nse  of  large  bridges  and  Tiaducta  on  a  certain  line 

^^ailroad,  than  conld  possibly  h^Lve  been  shown  in  building 

^Such  was  not  the  case  with  the  Kinzua  viaduct  A  short 
"^nch  line  of  the  Erie  Bailroad,  called  by  a  name  nearly  as  long 
^  itsel' — "The  New  York,  Lake  Erie  and  Western  Coal  and 
■^ilroad  Co."— runs  from  the  umiu  line  at  Bradford,  Pa.,  to  cer- 
*«in  coal  fields  in  McKean  Co.,  Pa.,  and  it  became  necessary  to 
*08S  the  Kinzna  creek,  which  flows  through  a  deep  valley  some 
•OO  feet  below  the  level  of  the  surrounding  country-. 

An  attempt  was  made  to  cross  this  ravine  by  running  down, 
Crossing  the  creek  at  a  low  level,  and  running  up  again  on  the 
Dther  side.  Even  with  two  per  cent,  grades  this  lengthened  the 
line  some  four  miles,  and  it  seemed  better  engineering  to  build 
a  high-level  viatluct  than  to  avoid  it. 

An  application  was  made  by  the  late  Gen.  Thomas  L.  Kane, 
of  Pennsylvania,  president  of  the  branch  line,  to  the  engineering 
firm  of  Clarke,  Keeves  &  Co.,  of  Phcenixville,  Pa.,  to  ascertain  the 
eost  of  a  high-level  viaduct,  and  whether  it  would  be  possible 
to  get  this  viaduct  reatly  for  use  in  due  season.  It  should  be 
remembered  that  at  that  time,  1882,  the  highest  viaduct  in  exist- 
ence, the  Venigas  viaduct  in  Peru,  was  252  feet  high,  and  this 
crossing  required  a  viaduct  of  over  300  feet  high. 

ilr,  Adolphus  Bonzano,  of  Clarke,  Keeves  &  Co.,  member  of 
the  American  Society  of  Civil  Engineers,  told  General  Kane  he 
could  build  him  a  viaduct  1,000  feet  high  if  he  would  furnish 
the  money,  and  then  made  a  preliminary  sketch,  embodying 
those  proportions  and  details  which  had  been  previously 
worked  out  on  smaller  structures. 
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Before  goiug  further,  it  may  be  well  to  give  a  brief  sketch  otm 
the  origin  of  American  railroad  viadacta.     Viaducts  of  no  greatT^ 
height  had  been  made  of  cast-iron  columns  both  in  the  United 
States  and  in  Europe,  when  a  new  departure  was  made  by  the 
late  C.  Shaler  Smith,  member  of  the  American  Society  of  Civil 
Engineers,  by  the  nse  of  girders  of  wood  or  iron,  resting  on 
columns  of  rolled  iron  sections,  preferably  the  well  known  Phce- 
nix   column.      He  generally  placed  these  columns  thirty  feet 
apart  in  the  direction  of  the  line  of  railway,  and  gave  them  a  J 
very  considerable  batir,  not  less  than  two  inches  per  foot  ci'obb-I 
wise. 

They  were  braced  together  longitudinally  by  horizontal  struts 
of  wood,  in  order  to  avoid  the  difficulties  arising  from  the  expan- 
sion and  contraction  of  continuous  lines  of  iron  which  could 
have  no  sliding  motion. 

The  undersigned  designed  a  viaduct  approach  for  the  pro-  I 
posed  bridge  across  BlEickwell's  Island,  N.  T.,  in  1870,  for  the  ,' 
then  chief  engineer,  I.  D.  Coleman,  Mem.  Am.  Soc,  Civ.  Engs. 

Not  wishing  to  use  any  perishable  materia!  like  wood,  the  I 
undersigned  iiToided  the  difficulties  arising  from  changes  of  1 
length  due  to  clianges  of  temperature,  by  simply  leaving  out  the 
longitudinal  struts  and  bracing  of  each  alternate  bay.  This  gave 
a  series  of  braced  towers  thirty  feel  long,  connected  by  girders 
of  the  same  length  resting  on  their  tops,  and  having  a  sliding 
motion  at  one  end. 

Afterward  it  was  found  expedient  to  lengthen  these  interme- 
diate girder  spans  to  the  greatest  length  which  could  be  trans- 
ported whole  from  the  shops  to  the  site,  say  sixty  feet.  (See 
drawing  No.  1.) 

This  is  believed  to  be  the  historical  origin  of  the  well-known 
American  railroad  viaduct 

English  engineers  have  paid  us  the  compliment  of  copying 
our  viaducts  in  a  late  work  on  the  Antifagasta  railway  in  Bolivia, 
South  America,  called  the  "  Loa  viaduct." 

The  section  of  the  columns  is  the  same,  and  the  dimensiona  ^ 
are  very  closely  followed,  as  may  be  seen  from  the  following  j 
comparison : 

KlnzuL  LoL 

Length 2,050  ft,  800  ft. 

Height 80a  "  336i  " 

Widtliof  lowers 38J  "'  ^^  " 

Connecting  spans 61  ■'  80  " 
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of  girders Q  ft.  8  fi. 

of  platfonn 18  ■■  18  " 

of  nilwajt 4'  8i  '  3'  8" 

lion  of  pier  posts 1  In  6  1  in  6 

pi«senr«  per  eq.  ft 30  lbs.  80  lbs. 

tofiron I,400iou9.  l.llStoai'. 

akeo  to  eroct 4  moaths.  8  montUii, 

tograph  of  the  Iioa  viaduct  miglit  easily  be  mistaken 

linzaa. 

ractore  of  the  height  of  the  Kinzua  viaduct,  the  ques- 

?ind  presanre  ia  a  very  serious  one.      American  engi- 

1  always  recognized  tliis  in  their  practice,  possibly  from 

a  country  where  cyclones  rage.  European  engineers 
paid  so  much  attention  to  this,  until  the  destruction  of 

bridge  in  Scotland  forced  it  upon  their  notice  very 

hat  catastrophe,  the  British  Board  of  Trade  fixed  the 
to  be  provided  for  at  iJlS  Iba.  per  square  foot.     Corre- 

French  practice  was  3O0  kilos,  per  cenfinieire  earn;  or 
3r  square  foot. 

en  chief  engineer  of  the  Erie  railway,  Mr.  O.  Chanute, 
Am.  Soc.  C.  E.,  considered  that  when  the  structure  was 
,  a  wind  pressure  of  60  lbs.  per  square  foot  should  be 

for,  but  when  the  structure  was  loaded  from  end  to 
ith  a  freiglit  train,  a  pressure  of  30  lbs.  per  square  foot, 
;  the  area  of  the  train,  would  be  enough,  aa  this  would 

train  off  tlie  bridge. 

loaded,  there  is  uo  upward  pull  at  the  base  of  the 
When  uuloatled,  there  is  an  upward  pull  of  six  tons 
iin,  which  is  resisted  by  anchor  bolts,  built  into  the 
Dniy. 
ve  load  provided  for  ia  that  of  a  consolidation  engine, 

80  tons,  with  44  tons  on  its  drivers  in  a  space  of  14  feet 

and  followed  by  an  uniform  load  of  1,J  tona  per  lineal 

aduct  was  designed  to  be  erected  without  scaflfolding 
rt  a  time  us  possible.  It  was  erected  in  4  months  by  a 
ibont  40  men.  This  is  at  a  rate  of  500  feet  per  month, 
■  Snufh  American  viaduct,  above  referred  to,  was  erected 
of  but  100  feet  per  mouth.  The  iron  work  was  delivered 
id  only  of  the  ravine  and  slid  down  along  a  trough  of 


I 
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timber  to  its  projjer  pier,  then  raisei 

euil  of  tlie  last  completed  span.     (S 

The  girdera  were  raised  comple 

of   the   piera   were  raised   by  gin-] 
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'ae    columns,  and  raised  up  from   story  to  story  as  the  pier 

^Ihere  was  used  about  3  milea  of  rope,  and  2  hoisting  engines 
5***^t  by  Copeland  &  Eiicon  of  New  York,  each  having  4  spools 
**  at  could  be  run  separately. 

The  joints  of  the  columns  were  at  the  junction  of  struts.  A 
^^tter  detail  would  have  been  to  have  placed  these  joints  a  foot 
^V)ove  the  Juuction  of  struts,  wliich  would  have  expedited  erec- 
tion. 

The  whole  erection  wits  superinteuded  by  K,  A.  Simmons, 
Superintendent  of  erection  for  Clarke,  Reeves  &  Co. 

The. cost  of  erection  did  not  exceed  $12  per  too. 

The  following  list  of  driiwings  accompany  this  paper ; 

Fig.  188.  General  elevation. 

Fig-  189-   Details  of  connections. 

Fig.  190-195.   Details  of  connections. 

Fig.  196.    Girders. 

Fig.  197.  Strain-sheet. 

Fig.  198.   Travelling  crane  used  in  erection. 

Fig.  199.   Copy  of  photograph  showing  process  of  erection. 

Fig.  200.   Specimenof  column  cutoutinl890,aft6r8years' use. 

Note.— Referring  to  photo-lithograph  ot  piece  cut  from  cnlnuiB  of  Kitmua 
Viadavt  «feer  eiglit  gears'  servli^e  : 

Copy. 

New  loRK,  L.VKB  Erie  &  Webters  Railroad  Co., 

New  York,   ifarcA  31,  1880. 
C.  W.  Buccn-LZ,  Esq., 

CMff  Engiacti-. 

Dear  Sir :  In  accordance  witli  your  instruclioDB,  I  have  cut  from  a  column  of 
Kinzua  Viaduct  ilie  accoiiipanying  disk  as  a,  specimen,  allowing  araouol  of  cor- 
rosion which  takes  place  on  llie  in^de  of  these  columns. 

In  order  that  tlie  specimen  miglit  show  tlie  worst  condiliona  exisling  in  the 
vladuLl,  one  of  thu  longest  columns  was  sulecti'd  and  the  disk  taken  from  the 
under  side.  Anv  drip  which  imgl.t  occ;ir  on  the  inside  of  the  column  would 
prohahly  affect  this  point. 

Tlie  Bpoclnien  when  taken  from  the  colutnn  was  entirely  free  from  corrosion 
or  anj-  other  sign  of  deterionition.  The  paint  was  in  ns  good  condition  as  when 
first  put  on.  and  when;  it  wiis  chipped  off  at  the  edgea  bj  the  cutting  tool,  the 
iron  showed  a  perfectly  clean,  new  surface. 

The  specimen,  15'  in  diameter  and  .989'  thick,  wa.i  cut  from  the  inside  ot  the 
southwest  column  of  the  nii.lh  hc-nt  from  the  east  end  of  the  viaduct,  at  a  point 
about  3  ft,  0'  above  the  base  ot  pedeatnl  and  oboot  13 'above  the  horizontal  strut. 

The  date  of  tutting  was  March  g9,  1890. 

Respectfully  yonm. 
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The  eiplsntttion  of  thia  in  tlut  the  <roD  was 
■clion  nt  lh«  oiygfn  ot  the  air.  TIih  paint  itse 
of  the  euQ,  wliich  on  t-ittrior  Hurfftces  fin>t 
cauaing  a  diflerent  rale  of  expanaion  and  contra 
Iron,  looBFna  tha  paint  and  leavea  it  to  be  wasbi 
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The  explBDUloD  of  thii  In  tbkt  tbe  Iron  was  protected  by  the  pftint  fmm  the 
Utlon  of  tbe  oxjgen  of  tbe  klr.  Tlie  pilnt  ItMlf  iraa  protected  from  tke  aotlon 
of  tha  BUD,  wliicb  on  cztKrior  aurfacM  fint  drlei  ont  tbe  cdl,  and  ibea,  bj 
eaoBing  a  different  rate  of  ezpansloD  and  contraction  between  tbe  paint  and  tbe 
Imn,  loooeDB  tbe  paint  and  learea  It  to  be  waab«d  off  bj  laloB. 

T.  C.  C 


'. 

^k^ 

r 

^ 

fM 

^^ 
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OCTAIL  OF  JOtNT  w.        ' 

Fio.  194.— See  Fig.  168. 


THE   KraZDA  VIADUCT,  1882 


,  OTOTl  'W""'  ^'*'' 


THE  KINZDA  VIADUCT, 


THE  KINZUA  VIADUCT,   3 


XHE   KINZUA  VUDUCT,  . 


O 


CflIUNB£   DRAUHQT. 


CCCCI. 
CHIMNEY  DRA  UGHT. 


SoHE  years  since   an   anthor  wrote  :  "  It  is   pointed  oat  \>y* 
Peclet  that  tlie  maximum  draught  occurs  only  with  an  infinite 
degree  of  temperature  in  the  chimney,  but  thut  a  temperature  J 
of  about  600"  Fahr,  gives  ^^  of  the  maximum. 

*'  The  statement  in  Bankine  that  the  maximum  quantity  of  air  1 
drawn  in  occurs  for  a  temperature  of  the  heated  gases  of  about! 
600"  Fahr.  seems  to  be  au  error,  as  no  sucili  theoretical  maximum  \ 
exists  in  the  formula  for  draught  that  has  been  given.'' 

This  quotation  is  given  as  a  type  of  a  class  of  criticisms  which  ! 
appear  from  time  to  time.    It  is  occasionally  asserted  that  actual  j 
experiments  show  that  the  maximum  chimney  draught  does  not  \ 
occur  at  600°  Fahr.,but  that  it  is  increased  considerably  by  a  o 
eiderable  increase  of  temperature  about  this  temperature.  While 
it  is  not  advisable  to  give  much  notice  to  casual  observations  in 
which  measurements  are   not  made,  yet  where  a   criticism   ia 
often  repeated,  apparently  involving  valid  reasoning,  as  in  thig 
case,  it  is  advisable  to  re-examiue  the  theory  to  see  if  it  admits 
of  exceptions  to  the  generally  accepted  results. 

If  the  hypotheses  of  Peclet  and  of  Raukine  be  admitted,  there 
is   no  escaping  the  logic  uor  the  conclusions   reached  by  the  | 
analysis.     Peclet 's  hypotheses  are  : 

1.  A  certain  amount  of  air  must  pass  through  the  grate  and 
the  body  of  the  coal  on  the  grate  to  secure  combustion. 

2.  Since  the  openings  for  the  admission  of  air  are  fixed  me-- 
chanically,  the  requisite  amount  of  air  must  be  supplied  at  I 
definite  velocity. 

3.  That  the  required  velocity  may  be  produced  by  the  press- 
ure of  a  column  of  atmospheric  air,  which  pressure  will  be  the 
diSereuce  of  the  pressure  of  the  external  air  and  that  within  the 
furnace.     The  height  of  such  a  column  is  called  a  "  head," 
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k.  That,  to  the  head  described  ia  the  precediug  condition,  a 
ad  most  be  added  aufficient  to  ovGreome  the  resistance  offered 
■  the  coal  to  the  passage  of  the  air  tbrongh  it ;  and  another 
ad  for  the  resistance  offered  hj  the  flues  aiid  chiumej  tu  the 
.ssage  of  the  gases  produced  by  combustion. 
It  is  certain  that  no  serious  olijection  oan  be  raised  against 
ese  hypotheses,  the  questions  b(?iiig  in  regard  to  the  law  which 
.all  represent  these  conditions.  Peclet  represented  it  bj  the 
aation :  • 


which 
u  is  the  required  velocity  of  gases  in  Ihe  cfilmit'pi/, 
G,  a  constant  to  represent  the  resistance  to  the  passage  of 

air  through  the  coal, 
I,  the  length  of  the  flaes  and  chimney, 
m,  the  mean  hydraulic' depth,  or  the  area  of  a  cross-section 

divided  by  the  perimeter, 
/,  a  constant  depending  upon  the  nature  of  the  surfaces  over 
which  the  gases  pass,  whether  smooth,  or  sooty  and 
rough, 
now 

A  V)e  the  section  of  the  chimney  in  square  feet, 

h,  the  diameter  of  the  chimney  if   round,  or   one  side   if 

square, 
H,  the  height  of  the  chimney  in  feet, 
T„  =  461"  Fahr.,  absolute  (temperature  of  melting  ice), 
r,,  the  temperature  of  the  gases  in  the  chimney, 
T'.,  the  volume  of  air  at  the  temperature  32°  Fahr,,  supplied 

per  pound  of  fuel  burned  on  the  grate, 
V,  the  pounds  of  fuel  burned  per  second, 
H,  the  ratio  of  grate  area  to  that  of  the  chimney  area, 
S,  the  area  of  the  grate  ; 
en 

!(.•!'„  -'  =  uA  =  nuS; (2) 

nsequently  the  pouiida  of  fuel  burned  per  square  foot  of  grate 
r  hour  will  be 


I 


ce  to  the  passage  of 

I 


3,600  "g  =  3,600  'I''-  ~.     .     .     .     .     (3) 
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Peclet  found  that  when  20  to  24  pounds  of  coal  is  burned  p^^^ 
hour  the  value  of  G  is  about  12,  and  /  for  sooty  surface^ 
/*—  0.012.  In  my  computations,  further  on,  I  have  assumed  ^^ 
for  G  except  when  16  pounds  is  burned,  when  I  assumed  11.  ^..^^^^ 
I  have  neglected  the  length  of  the  flues,  I  have  conside^^^ 
/=  0.015.    Then  we  have,  from  equation  (1), 

''=2A~^)u)0'^--^>  •  •  -^^^ 


From  this  the  required  head  may  be  computed.  The  departures 
in  practice  from  the  assumptions  above  made  are  considered  by 
Kankine  to  be  unimportant. 

Bankine's  determination  of  the  height  of  chimney  was  for  the 
purpose  of  supplying  the  head  /t.     His  hypotheses  are  : 

1.  The  gases  in  the  chimney  are  uniformly  hot ; 

2.  The  gases  move  in  parallel  sections  through  the  chimney; 

3.  The  density  of  the  gases  in  the  chimney  is  uniform,  and 
does  not  differ  sensibly  from  that  of  air  at  the  same  temperft* 
tare  and  pressure  ;  in  other  words,  it  is  assumed  that  the  density 
varies  with  the  temperature  only,  the  variation  of  pressure  being 
neglected  in  determining  the  density. 

4.  ''  The  head  producing  the  draught  in  the  chimney  is  equiya- 
lent  to  the  excess  of  the  weight  of  a  vertical  column  of  cool  air 
outside  the  chimney,  and  of  the  same  height,  above  that  of  a 
vertical  column  of  equal  base  of  the  hot  gases  within  the 
chimney." 

5.  That  the  draught  is  a  maximum  when  the  weight  of  gases 
discharged  is  the  greatest. 

The  fourth  hypothesis  is  improperly  defined,  since  the  head 
is  defined  as  a  weight,  whereas  it  is  a  height  in  feet.  We  would 
define  it  as  such  a  height  of  hot  gases  as,  if  added  to  the  colamn 
of  gases  in  the  chimney,  would  produce  the  same  pressure  at 
the  furnace  as  a  column  of  outside  air,  of  the  same  area  of  base, 
and  a  height  equal  to  that  of  the  chimney. 

If  24  pounds  of  air  be  supplied  per  pound  of  fuel  the  volume 
of  the  gaseous  productjwill  be  24  x  12. J  =  300  cubic  feet  (nearly), 
and  the  weight  of  one  cubic  foot  will  be  -^^  =  0.0033  of  a  pound 
at  32 '  Fahr.,  which,  added  to  the  weight  of  a  cubic  foot  of  air  at 
32  Fahr.,  gives  0.0807  +  0.0033  ■=  0.084  of  a  pound ;  and  if  r,  be 
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i  temperature  of  the  external  air,  we  have   at  once  from  the 
urth  principle  as  amended, 

—  (0.O8O7) 
h  =  ^, ^H-H^(o.m^~l)ff,  .    .    .15) 

vhioh  is  the  formula  given  by  Rankiue.    From  (4)  and  (5)  we  find 


_^      0066 


This  gives  the  height  of  chimney  for  burning  w  pounds  of  coal 
per  second. 

Equation  (5)  involves  the  first  four  of  the  above  hypotheses. 
In  a  properly  proportioned  chiumey,  working  projierly,  the 
departure  from  the  assumed  uniform  temperature  will  not 
seriously  affeclf  the  analysis.  If  the  chimney  be  too  large  for 
the  volume  of  gases  carried  the  i-'ontra!  portion  uf  the  stream  of 
gases  may  exceed  the  mean.  Under  proper  conditions  the 
second  hypothesis  will  also  be  approximately  realized. 

In  regard  to  the  third  hypothesis,  no  account  is  made  of  a 
diminution  of  pressure  due  to  the  velocity  of  the  gases.  In  a 
statical  condition,  the  pressure  within  the  chimney  would  be 
that  of  the  external  air,  but  in  practice  it  will  be  less,  and  hence 
the  gases  in  the  chimney  will  be  more  rarefied  than  found  by 
assuming  the  pressure  constant,  thus  increasing,  somewhat,  the 
coefficient  0.96.  On  the  other  hand,  it  less  than  24  pounds  of  air 
be  supplied  per  pound  of  coal,  this  coefficient  would  be  less  than 
0.9fi  ;  but  none  of  these  considerations  seriously  affect  the  theory. 

Equation  (5)  gives  the  available  head  but  it  does  not  determine 
the  velocity.  Any  velocity  less  than  •\/2?/(  may  be  secured  by  reg- 
ulating the  passage  of  air,  and  this  may  be  done  by  piling  coal  on 
to  the  grate,  or  by  using  a  lieavier  bed  of  finer  coal,  or  by  closing 
the  furnace  doors,  or  by  dampers.  Equation  (1)  assumes  that 
the  transverse  section  of  the  stream  of  air  and  gases  is  constant 
from  the  entrance  to  tlie  furnace  to  tlie  top  of  the  chimney.  It 
does  not  take  account  of  the  volume  of  air  admitted.     If  the 
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supply  be  cut  off  the  formula  would  indicate  the  same  Telocity 
iu  the  chimney.  It  assumes  that  the  entire  head  is  available 
for  producing  velocity  and  overcoming  resistances.  The  condi- 
tions under  which  Peclet  determined  the  constants  in  equation 
(1)  should  be  recognized.  We  shall,  in  the  absence  of  anything 
better,  assume  Peclet's  law.  Equation  (2;  gives  an  independent 
value  of  u  dependent  upon  the  weight  of  fuel  burned. 

If  d  be  the  weight  of  a  cubic  foot  of  the  gases  in  the  chimney, 
and 

^V,  the  number  of  pounds  of  air  required  per  potind  of  coal 
(about  24  pounds), 
then  will  the  weight  of  gases  passed  up  the  chimney  be 

2d  V^^S  =  0.0807  A^zt'  nearly ; 

_  0.0807 At,  (7, 

Tlie  weight  per  second  will  also  be  S  times  tlie  volame,  or  Au8 ; 
hence  equations  (1),  (6),  (6),  give 

0.0807 ATr^A    2^>j/o.96  ^-1 
AuS  =  — —- ^- .       .     (8^ 

r..(i  +  ^  +  o,o^^.) 

Observing  that  N  -r-  F©  will  be  constant,  this  expression  will 
be  a  maximum  for  a  given  chimney  when  the  fnnotion 


y  0.96—  -  1 
/       ^     0.066fr\ 


r(^l  +  (?  + 

is  a  maximum.  If  (r  be  a  variable  the  maximum  cannot  be 
found  unless  it  be  a  known  function  of  the  temperature.  Too 
little,  however,  is  known  of  its  value  in  special  cases,  and  much 
less  can  a  law  of  variation  be  assigned  to  it.  If  it  be  considered 
constant,  as  Peclet  and  Bankine  have  done,  the  fanction  for  a 
maximum  reduces  to 

0.96  r  -  72 
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hieh  18  the  function  coDsiderfid  byRaukine.and  gives  r  =2^  r, 
'lien  it  is  a  masimum  ;  and  if  tlie  temperature  of  the  external  air 
«  60°,  then  will  the  temperature  of  the  gases  be  622''  for  dis- 
^arging  the  maxinmm  weight  of  gases. 

We  haTe  seen  that  this  result  is  not  a  fixed  value,  but  de- 
partures from  theory  in  practice  do  not  a£fect  the  result  largely. 
If  the  coefficient  0.96  were  0.94,  then  the  temperature  should  be 


1 


about  645  ,  and  if  it  were  0.98,  the  temperature  would  be 
about  600'.  There  is  then,  in  a  properly  constructed  chimney, 
properly  working,  a  temperature  giving  a  maximum  draught,  and 
that  temperature  is  not  far  from  the  value  given  by  Rankiue, 
althongli  in  special  cases  it  may  be  50  or  75  degrees  more  or  les  s 
Of  the  abnormal  cases  it  is  only  necessary  to  consider  that  in 
which  the  section  of  the  chimney  is  much  too  large  and  the  height 
too  small.     In  such  a  case  not  only  may  eddies  be  formed,  but 
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the  gases  may  rush  through  without  involving  the  entire  Bection  1 
of  the  chimney — very  much  like  a  dame  from  a  pile  of  inflam- 
mable matter  burning  in  the  open  air.     This  analysis  is  not  J 
applicable  to  such  a  case. 

The  foregoing  digram  (Fig.  201)  shows  the  law  of  relation  | 
between  the  height  of  chimney  for  three  cases,  marked  A,  B,  G,  ■. 
in  which  it  was  assumed  that  24  lbs.  of  coal  were  burned  per  hoar  ] 
per  square  foot  of  grate  in  case  J ,  20  lbs.  for  B,  and  16  lbs.  for  G   i 
These  were  computed  from  formula  (fi).     The  ordiuates  to  the  j 
broken  lines  show  the  heads  required  in  order  to  burn  the  24, 20, 
16  pounds  tor  the  respective  caseB,  and  were  computed  from  for- 
mula (5).     It  will  l>e  seen  that  the  required  heads  equal  the 
heights  of  chimney  when  the   temperature  is  about  620"  Fabr., 
as  shown  at  the  points  a,  b,  c  ;  and  for  temperatures  below  600' 
the  height  of  chimney  exceeds  the   required   head,  while  for 
higher  temperatures  the  required  head  exceeds  the   height  of 
chimney.   Also  fhe  Imul  has  <i  minimum  value,  which  for  chimney 
^  is  for  a  temperature  of  about  250"  Fahr.     The  temperature 
the  external  air  was  assumed  to  be  60"  Fahr.     The  following  i 
the  table  from  which  the  diagram  was  constructed  ; 
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»  lt».  coil 

1.H  »q.  (t, 

Mlb»     CMl 

]«  lb>  cmi 

AtnolaU. 

■m. 

graw 

™. 

gnl« 

r, 

awa.h 

BelKfal,  B 

%" 

U.^.H 

H8.d,  A 

Hd^t.  m 

530° 

euo 

128.0C1 

1207.57 

Abnolule 

7(10 

72.75 

S50.87 

45,70 

iB7,ei 

19,85 

67.78 

800 

82.76 

172.4'J 

mM 

115,80 

26,71 

55  6S 

58°  FaUr. 

1000 

125,22 

I4B.II8 

8a.07 

09.97 

40.89 

48.ii6 

noo 

15H.23 

148.76 

1U1.87 

98.81 

49.61 

48.17 

1200 

182.84 

151.97 

I31.0J 

100.86 

58,87 

4B.06 

1400 

262.61 

15fl.S6 

16192 

103.015 

80,89 

Sl,3<l 

leoo 

8S4.38 

168.8.1 

219.68 

I10.S5 

105,96 

58.53 

3000 

Q55.6;l 

20H.52 

855.61 

132.20 

169,47 

63,01 

DIBCCBBION. 


Prof.  77.  S.  Gale. — This  paper  gives  a  very  clear  exposition  of 
Bankine's  theory  in  regard  to  the  temperature  of  chimney 
required  to  give  maximum  draught.     In  a  paper  presented  at 
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ast  meeting,  I  called  attention  to  the  apparent  lack  of 
iment  between  the  results  of  that  theory  and  the  results 
iservation  upon  actual  chimneys,  and  I  also  there  tried  to 
.  out  briefly  the  main  reasons  for  that  disagreemeDt,  As 
fubject  has  excited  some  controversy,  I  may  perhaps  be 
ed  to  restate  those  reaeous  from  the  different  point  of  view 
I  in  the  present  paper. 

the  author's  discussion  of  the  conditions  under  which  bis 
ission  for  weight  of  gas  discharged  will  be  a  masimum,  he 
;  "  If  (r  be  a  variable,  the  maximum  cannot  be  found  un- 
t  be  a  known  functiou  of  the  temperature." 

obtain  the  results  dednted  by  Peclet  and  Rankine,  G  must 
msidered  as  constant ;  but  it  is  not  difficult  to  show  that 

really  a  variable,  and,  moreover,  a  known  function  of  the 
aey  temperature.     It  may  be  shown,  also,  that  the  value 

depends  not  only  upon  the  temperature  of  the  chimney, 
ipon  various  other  conditions,  notably  upon  the  ratio  of 
himney  area  to  the  area  of  the  grate. 

■st,  as  to  the  effect  upon  the  value  of  G  of  variation  in  the 
arature  of  the  chimney,      G  is  -a  factor  which,  miiltiplied 

-,  is  to  represent  the  reflistanee  encountered  by  the  air  in 

iHsage  between  the  grate  bars  and  through  the  coal.  Now, 
a  given  velocity  of  the  chimney  gases,  u,  the  quantity  dis- 
;('d  per  second  will  be  inversely  as  the  temperature,  'I\ ; 
,s  the  density  of  the  air  passing  through  the  grate  is  not 
ed  by  variations  in  tlie  chimney  temperature,  the  velocity 
.gli  the  grate  will  be  also  inversely  as  1\.  Now,  with  a 
grate  and  fnel-hed  and  a  given  temperature  for  the  enter- 
ir,  the  resistance  encountered  in  passing  through  the  grate 
be  proportional  roughly  to  the  square  of  the  velocity  at 
point.  It  follows  that  for  a  given  velocity  in  the  chimney, 
1  other  conditions  remaining  unchanged,  the  resistance  of 
(rate  will  be  inversely  as  the  square  of  the  chimney  tem- 
nro.  In  other  words,  G  varies  inversely  as  the  square 
.  In  order  to  practically  maintain  the  velocity  w  constant, 
pposed  above,  it  is  of  course  necessary,  when  the  tempera- 
iu  the  chimney  is  increased,  to  close  the  damper  partly, 
interposing  sufficient  extra  resistance  to  mako'  up  for  the 
lution  of  tlie  resistance  in  the  furnace. 
2oud,  with  a  given  velocity  in  the  chimney  and  other  eon- 


CHIUNEI   DRAUGHT. 


ditioos  constant,  the  velocity  of  the   air  passing  tbrough   the  I 
grate  -will  be  proportional  rougLlj  to  the  ratio  of  the  chimney  ^ 
area  to  the  area  of  the  opeciugs  through   the  grate.     The  area 
of  opening  for  atlniission  of  air  through  the  grate  may  l>e  repre- 
sented by  a.     We  should  then  make  0  also  proportional  to  the 
square  of  the  ratio  — . 

The  value  of  G  would  vary  more  or  less  with  other  conditions, 
such  as  fiueness  of  fuel,  thickness  of  fuel-bed,  temperature  of  en- 
tering air,  etc.,  but  its  law  of  variation  with  chimney  tempera- 
ture ia  of  most  importance  in  determining  the  value  of  that 
temperature  which  will  make  the  draught  a  maximum.  ToJ 
ascertain  that  value  approximately,  we  should  therefore  i 
instead  of  G  an  expression  of  the  form — 


m 


When  it  is  observed  that  6^  ia,  much  the  largest  of  the  thrc 
terms  in  the  parentheses  -in  equation  8,  so  that  the  weight  ( 
gas  discharged  is  nearly  inversely  as  G.  it  is  evident  that  insert- 
ing tlie  proper  value  for  this  term  would  make  a  very  consider- 
able change  in  the  expression  for  the  temperature  of  maximum 
draught. 

That  expression  is  worked  out  with  due  regard  to  the  prin- 
ciples here  stated,  and  by  what  seems  to  me  a  simpler  and  more 
direct  method,  in  the  paper  on  chimneys  presented  last  fall  at 
the  New  York  meeting.  The  temperature  of  maximum  draught 
is  there  shown  to  be  variable  and  to  depend  upon  the  propor- 
tiona  of  chimney  and  grate,  its  value  under  ordinary  circum- 
stances being  above  1,000"  Fahr. 

I^ro/.  DeVoUon  Wood.*' — Mr.  Gale  remarks  that  "the  value 
of  G  depends  not  only  upon  the  temperature  of  the  chimney, 
but  upou  various  other  conditions,  notably  upon  the  ratio  of  the 
chimney  area  to  the  area  of  the  grate." 

It  should  be  noted  that  the  analysis  is  for  a  given  chimney, 
and  as  the  dimensions  of  the  chimney  and  grate  are  supposed  to 
be  constant  during  use,  (}  will  not  vary  in  a  given  case  from 
these  causes.  Admitting  that  it  may  be  true  that  the  numerical 
value  of  G  will  depend  upon  this  ratio,  it  nevertheless  follows 
■  Authur'H  clr'Bure,  under  tbc  Kules. 
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ivill  be  constant  for  a  given  case  so  far  as  these  (limen- 
■e  concerned. 

)  appears  to  be  a  misapprehension  in  regard  to  the 
d  part  of  the  resistances  represented  by  the  symbol  O. 
:>i  it  is  of  the  nature  of  a  frictional  resistance,  but  this  is 
-ller  part  The  other  part  is  eiiuivalent  to  flosing  a  part 
grate  opening,  and  this  is  the  greater  part.  Conceive 
1  temperature  in  the  chimney  ia  increasetl,  then,  in  order 
itain  a  constant  velocity  in  the  chimney,  the  reaistaiice 
!nrnac6  must  be  increased — not  decreased,  as  stated  by 
ale.  The  desired  result  may  be  secured  by  partly  clos- 
openings  into  the  furnace  or  by  adding  more  fuel.  The 
:'  the  latter  will  be  not  only  to  partly  close  the  openings 
existing,  but  add  somewhat  to  the  lengths  of  the  pas- 
irongh  the  coaL  Neglecting  the  effect  of  the  increased 
:h6  two  modes  of  diminishing  the  supply  of  air  will  be 
tially  the  same.  It  would,  then,  be  move  nearly  cor- 
say  that — other  things  being  the  same — the  openings  for 
ply  of  air  should  be  reduced  in  proportion  to  the  abso- 
nperatures  in  the  chimney.  But  the  frictional  resist- 
re  very  nearly  independent  of  the  size  of  the  openings 
y  with  the  square  of  the  velocity.  We  conclude,  there- 
it  _/'"r  «  'jirfii  bed  of  cool  in  a  given  furnace  the  value  of  O 
icallv  constant. 
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Some  years  ago,  while  eudeavoring  to  make  a  table  of  chim- 
ney dimeneiona  for  different  horee-powerfi  of  boilers  for  practi-  \ 
cal  use  by  the  boiler  company  with  which  I  was  then  uoimected,, 
I  took  a  number  of  published  formulm  and  niles  for  dimension-  ! 
ing  chimneys,  and   calculated  arithmetically  the   heights   andl 
diameters  they  would  give  for  certain  supposed  cases   withir 
the  limits  of  ordinary  practice.     I  also  took  the  dimensions  ot\ 
actual  chimneys  which  had  in  practice  given  apparently  goodi 
results,  and  plotted   tliem   all   on   cross-section    paper.     After  J 
considerable  study  of  the  results  thus  obtained  I  framed  the  1 
empirical  formula  published  in  the  Transactions,  Vol.  VI.,  f 
81,  and   calculated  from   it   the  table  appended  to  the  paper.  I 
This  table  has  been  reprinted  quite  extensively  in  trade  literal  J 
ture  and  elsewhere,  and  has  been  tested  in  practice  by  several-fl 
engineers,  to  my  knowledge  with   good  results.     I  have  nolyl 
as  yet,  seen  any  reason   to  modify  either  the  formula  or  tbaS 
table. 

I  have   made   a  similar  arithmetical   calculation   of   resultB  ' 
which  may  be  obtained  from  the   formulm  given  in  a  recent 
paper  before  this  Society,*  which  may  prove  interesting. 

The  author,  in  this  paper — read  at  the  New  York  meeting — 
gives  a  formula  for  "the  most  economical  area"  of  a  round 
cbimuej  which  is  to  burn  F  pounds  of  coal  per  hour,  as  fol- 
lows : 

Formula  (20),  A  =  .07  J"* 

On  the  same  page  he  says  :  "  A  sufficient  approach  to  th^fl 

♦HorocB  B.  Gale,  Theory  and  Deaiffn  of  Chlmneye,  TriDsaclions,  Vol.  XI.,  pJ 
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^ost  economicfti  value  can  usually  he  attained  by  the  handy 
^flfe,  that  the  sectional  area  of  the  chimney  in  square  feet 
'*ic»tUi1  he  equal  to  the  number  of  pounds  of  coal  to  be  burned 
*^*-  laiuute." 

-Assuming  that  a  chimney  designed  for  a  boiler  of  a  certain 
^•t«d  horse-power  should  be  large  enough  to  cause  the  burning 
*^*^der  the  boiler  of  5  Iba.  of  coal  per  rated  horse-power,  the  fol- 
«=>-wing  results  are  obtained  for  boilers  of  20,  40,  60,  80,  100,  200, 
^=C*0,  600,  ajid  1,000  H.P. : 


*«fe1.. 

perHonr,^. 

C<Hl  1>Dni«l  per  Mlnnte. 

Ares  of  Chimney  by 

•■UnDdy  Ruk." 

Area  by  Fonanln, 
A  =  .07*-' 

A' 

T 

n™rly. 

a;  Poonde  or  Sqnnre  Fep[. 

Bqnate  Feel. 

30 

100  Ibc. 

1.B7 

3. 313 

60 

49 

40 

3.33 

3  734 

flO 

64 

60 

300    ■' 

3.006 

SO 

5S 

■100    " 

e.or 

6.256 

60 

B4 

8.3;i 

T.aM 

60 

800 

l.OiO    " 

10.67 

13,400 

60 

80 

400 

■-•,000    ■• 

83.33 

20.B8T 

60 

9.5 

3,000    " 

60 

28.3T8 

60 

106 

1000 

5,000    " 

83.33 

41.623 

60 

120 

Showing  that  for  60  H.P.  the  handy  rule  and  the  formula  give 
about  the  same  result,  while  for  chiuiueya  less  than  60  H.P.  the 
"  handy  rule  "  gives  the  smaller  area,  and  for  chimneys  larger 
than  60  H.P,  it  gives  the  larger  area.  In  the  case  of  1.000  HP. 
the  handy  rule  gives  twice  as  large  an  area  as  the  formula. 

Using  the  areas  given  by  the  formula,  as  having  probably  the 
greater  approximation  to  accuracy,  let  us  see  what  results  are 
obtained  by  substituting  them  in  the  formula  given  by  the  same 
author  for  height  of  chimney. 

The  formula  {J6)  of  the  paper,  "  A  general  equation  for  deter- 
mining the  height  of  a  chimney  of  known  cross-section  which  is 
to  do  a  given  work,"  after  the  substitution  of  C,  the  coefficient  of 
friction  of  the  gas  on  the  sides  of  the  stack,  equal  to  .014,  and 
li,  the  number  of  pounds  of  air  supplied  to  burn  a  pound  of 
fuel,  equal  to  21,  becomes  formula  (17) 


^=1 


KT, 


-533  J//  T^FV 


\3.5J  ' 
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\  in  which : 

ff=  Height  of  chinmey. 

T  =  Mean  absolute  teniperatare  F  of  gas  ia  the  stack. 

M  =  Perimeter  of  the  stack  for  round  chimneys  =  3.54  At. 

i*'  —  Number  of  pounds  of  fuel  to  be  burned  per  hour. 

a  =  Total  area  for  admission  of  air  in  square  feet. 

A  =  Area  of  chimney  in  square  feet. 

K  =  Coefficient  of  resistance  for  the  furnace, 

The  author  says  that  in  ordinary  boiler  furnaces  the  area  a  I 
may  be  considered,  roughly,  as  one-third  of  tlie  grate  area,  and  j 
that  when  the  ratio  of  grate  surface  to  tube  "  calorimeter"*  ia  J 
between  G  and  9,  K  may  be  tahen,  approximately,  as  0,2. 

n  the  grate  area  is  nine  times  the  chimney  area,  then  a  =  3A. 

Assuming  that  for  average  practice  the  temperature  of  the  flue  J 
gases  may  be  taken  as  538.2°  Fahr..  or   7"  =  538.2°  +  461.8° 
1,000^  absolute,  that  K  =  0.2,  and  that  a^3A;  then,  by  aubsti-  ] 
tuting  these  values  in  formula  (17),  the  value  of  H  may  be  ( 
pressed  in  terms  of  A  and  F.    Thus  : 

rr-  200  f 

"  110.25A'' 


4fi7_  .0157.4'/" 


Using  the  values  of  ,1  given  by  the  formula  (20t,  .-1  —  .07Fi,  I 
in  the  table  above  given  for  boilers  of  20,  60,  100,  200,  400,  600,  ] 
and  1,000  H.P.,  we  obtain  the  following : 


B.P. 

Faol  burned  pet  Honr,  F, 

Area 

A  =  .mrt 

nelgbl  In  FM-t,  d 

L^rlj, 

20 

100 

2.31  sq.  ft. 

8 

60 

8(,0 

14 

100 

600 

7.42      ■' 

19 

aoo 

1,000 

12.40      " 

400 

a,  000 

20.  H4      " 

30 

000 

3,000 

47 

1.000 

5,000 

41,82      '■ 

61 

The  tremendous  difference  between  these  figures  for  dimen- 
sions of  chimneys  and  those  generally  used  in  practice,  or  which  I 

*I  put  this  word  in  quotation  luBrhe  because  1  iliink  It  is  an  incorrect  le) 
lipre  lined,  allhuiigli   it  h>is  been   axed  in  this  t-igniGcaDce  hy  idsdj  u'riturn  on   j 
apparatus  for  meaenring  qunntitf   I 
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lay  be  obtained  by  use  of  any  generally  accepted  table  or  for- 
lula,  suggests  that  either  I  have  made  a  great  mistake  iii  my 
ithmetical  calculation,  or  that  there  is  somethiug  wrong  with 
e  formula  which  was  used.  If  the  former,  I  must  then  take 
caption  to  the  formula  iu  tliat  it  ia  so  unhandy  and  liable  to 
id  to  arithmetical  mistakes.  If,  however,  the  formulse  are 
rrect,  it  is  greatly  to  bo  desired  that,  by  means  of  them, 
ble  may  be  computed  wbich  will  be  as  handy  as  the  one  given 
the  Transactions,  VoL  Vl.,  page  8;J. 


^fof.  H.  B.  Gale. — Two  alternatives  are  suggested  in  this  paper 
account  for  the  difference  between  the  heights  calculated  by 
Danla  for  a  series  of  chimneys  of  given  power,  and  the  heights 
i^rally  used  in  practice.  The  first  ia  that  perhaps  the  author 
^  made  a  mistake  in  hie  arithmetical  work.  In  regard  to  this 
E*n  say  that  I  have  gone  over  the  calculations  with  some  care, 
i  have  been  unable  to  find  any  mistake.  I  may  say  also,  in 
^sing,  that  Mr.  Kent  would  have  found  it  easier,  if,  instead  of 
cng  the  rather  cumbrous  general  formula  which  he  has  chosen, 
had  used  the  formuLi  reccimmended  for  designing  boiler 
imneys  iu  the  paper  referred  to  (viz.  Equation  22,  p.  464), 
jich  makes  the  height, 


I 


I 


//=  100 


f(D". 


here  A"  is  an  experimental  coefficient  of  friction,  (  is  the  chim- 
!y  temperature  on  the  ordinary  Fahrenheit  scale,  F  the  number 
'  pounds  of  coal  to  be  burned  per  hour,  and  a  the  area  of  opeu- 
g  in  the  grate.  This  formula  is  not  at  all  "unhandy,"  and 
ves  practically  the  same  results  as  the  more  general  one  which 
J  has  used. 

Laying  aside,  therefore,  the  first  alternative  suggested  by  the 
itlior,  and  granting,  for  the  sake  of  the  argument,  that  the 
xlinary  practice  in  regard  to  chimneys  is  the  best  possible, 
Imitting  also  that  the  heiglits  given  in  the  paper  do  not  agree 
ith  the  ordinary  practice,  shall  we  accept  his  second  altema- 
ve,  and  conclude  that  the  formula,  and  the  theory  on  which  it 

based,  are  wrong?     The  author  has  not  offered  to  point  out 


»f« 
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wherein  tho  thAoty  in  vronf; ;  antt  there  ia  another  alteniatiTe, 
which  may  have  eftcaped  his  Dotice,  Imt  which  iaWj  atxonnXs  Uyt 
the  diita^rreeineDt 

It  18  well  kuotrn  that  the  hei({ht  of  the  chimDp;  is  one  of 
loain  facton  in  di-teriniQinj;  the  rale  of  cornhv^tion  attainable 
a  boiler   fornac«.     Chnni^Dg   the  height  of  the  chimuej  will 
sfTect  in  a  marked  det^ee  the  number  of  pouiKLt  of  oxal  burned 
par  Miiimri.-)  ffj^jt  of  grate.     Couversely,  if  we  calculate  a  cliiauiej 
for  a  rate  of  roinbiiritioii  below  tlie  ordinary  rate,  we  onght, 
oar  formula  in  correct,  to  get  a  height  also  considerably  1< 
than  the  ordinary  height. 

Mr.  Kent,  in  his  calculations,  has  assumed  the  area  of  opei 
through  the  grate  «K|unl  to  three  times  the  area  of  the  chimney 
which  for  an  averaj^e  grate,  having  an  opening  equal  to  thre&- 
eighths  of  its  surface,  trould  correspond  to  making  the  ratio  of 
grate  iiurfa<ru  in  chimney  area  about  eight  to  one.     It  is  a  common 
practice  to  make  the  area  of  the  chimney  one-eighth  that  of 
grate,  and  for  chimneys  of  very  large  power  this  is  doubtless 
ezt'ellent  proportion.     The  formula  which  I  have  recommend) 
however,  gives  a  greater  proportional  area  to  chimneys  of  ami 
power,  allowing  for  their  greater  frictional  resistance.     Now,  the 
author  of  the  paper  before  us,  by  using  my  formula  for  chimney 
area,  and  still  keeping  the  grate  surface  eight  times  the  area 
the  chimney,  has  taken  areas  of  grate  for  the  small  powers  01 
of  all  proiwrtiou  to  the  amounts  of  coal  to  be  burned  on  them- 
in  other  words,  he  has  calculated  heights  for  chimneys  snital 
to  inordinately  low  raJe/i  0/  comhiislion. 

To  ascertain  heights  suitable   to  the  average   conditions 
practice,  ho  should  have  assumed  the  area  of  grate  opening, 
equal  to  about  three-eighths,  or  0.4,  that  of  the  grate,  and  then 
taken  the  area  of  the  grate  micfi  as  is  cuxtomary  for  a  boiler  of  the 
given  power,  or  such  as  would  give  a  rate  of  combustion  corre- 
sponding to  thoHO  generally  employed, 

"When  conditions  are  assumed  so  far  away  from  the  average 
practice  as  to  allow  over  16  square  feet  of  grate  to  a  20  H.p. 
boiler,  with  a  rate  of  combustion  of  only  5:7  lbs.  of  coal  per  hour 
per  square  foot  of  grate  -as  has  been  done  in  these  calculations 
— and  when,  at  the  same  time,  a  value  of  the  friction  factor,  JC, 
is  employed,  which  has  been  given  as  adapted  to  "  ordinary 
boiler  furnaces,"  there  is  no  reason  to  conclude  that  the  formula 
is  wrong  because  it  gives  a  height  of  chimney  considerably  lei 
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tan  the  usual  practice.  There  wouhl  be  better  ground  for  such 
■  couclusion  {/it  did  not. 

If  it  be  desired  to  make  a  fair  comparison  between  the 
eights  of  chimneys  commonly  used  with  boilers  of  various 
ower,  and  the  heights  given  by  the  formula  which  I  have  pro- 
ised,  conditions  must  be  taken  to  correspood  with  ordinary 
"actice  in  the  matter  of  grate  area  and  rate  of  combustion  as 
ill  as  in  other  particulars.  As  it  may  be  interesting  to  see  bow 
^  results  of  the  formula  do  compare  with  practice,  when  the  ot~ 
*iary  conditions  of  pradice  are  aseurned  in  the.  calculation,  I  pra- 
nt  here  a  table  of  heights  calculated  for  the  same  powers  and 
kine  quantities  of  coal  burned  as  those  given  by  Mr.  Kent,  tem- 
erature  in  the  chimney  being  taken  as  500°,  and  the  number  of 
Dunds  of  coal  burned  per  hour  per  square  foot  of  grate  ranging 
?oin  13  to  25  lbs,  Eates  above  and  below  these  limits  are  oc- 
Eisioually  found,  but  it  will,  I  think,  be  admitted  that  this  range 
drly  represents  ordinary  steam-boiler  practice  in  the  United 
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Using  the  values  in  the  third  column  for  the  rates  of  combus- 
iou,  and  taking  the  area  of  grate  opening  as  0.4  of  the  total 
Tate  area,  the  formula  gives  heights  ranging  from  44  feet  for  the 
0  H.P.  boiler  to  156  feet  for  the  1,000  H.P.  These  heights,  I 
hink,  agree  fairly  well  with  ordinary  practice ;  at  least,  the 
leights  given  by  this  formula,  tc/ten  applied  to  average  conditiom, 
gree  very  well  with  those  recommended  by  Mr.  Kent's  table,  in 
■''ol.  VI.  of  the  Triins'irtions,  for  boilers  of  the  same  power. 

I  would  like  to  say  here  that  I  consider  Mr.  Kent's  table  an 
xeellent  one,  as  giving  proportions  for  boiler  chimneys  which 
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will  work  well  in  pnctiee,  wheueTer  tie  mmJitiomt  ace  i 
cormtpoad  lairly  with  what  may  be  called  the  arrra^  c 
Hia  fbrtnttla  and  table,  being  derired,  aa  he  haa  told  sa,  empon- '' 
callj,  by  a  oonpahson  of  the  nesolts  of  ordinarr  pnKtice.  oo^l 
certaiiilr  to  applr  to  those  cooditiona.  Empirical  kmaolas, 
bow«Ter,  ar«  asoallj  otowie  when  applied  to  eonditiooB  difrreot 
from  tboae  on  which  they  are  based.  Mr.  Kent's  fonmnla  makes 
no  allowance  for  variatioQn  in  the  grate  area,  or  in  the  per  oenL 
of  grate  opening,  and  no  allowance  for  variation  in  the  chimney 
ten>peratare  ;  accordingly,  we  Bhoold  not  expect  each  a  formola 
to  give  aniformly  correct  resalts  for  conditions  which  depart 
from  the  average  in  these  re^pecU.  Snch  departures,  liuwever, 
are  bij  no  meana  oncommon,  asre  often  desirable,  and  eomedmes 
neoeaaarj- ;  and  it  is  in  the  attempt  to  meet  snch  Tariations  in 
the  conditionii  that  my  chimney  formolas  ore  offered. 

A»  has  )M«n  shown,  when  the  conditions  correspond  with  the 
average  conilitions  of  practice,  they  give  heights  snbstaQtially 
the  aame  as  are  aeually  employed  ;  when  the  conditions  are  dif- 
ferent, they  give  different  resolts,  as  should  be  expected. 

The  rates  of  vombn»tioa  and  grate-areas  assumed  in  the  calcu- 
Ifttiorut  presented  in  the  paper  before  us  are  evidently  snch  that 
the  refiulting  heights  cannot  fairly  be  compared  with  "  those 
generally  nsed  in  practice ;  "  but  the  statement  that  there  is  a 
"  tremendoas  difference  "  between  the  figures  given  in  the  paper 
auJ  those  which  may  be  obtained  by  any  t/eneraUy  naxjited fot^ 
viul't — applied  to  the  aamt  conditions — will  not,  I  think,  bear 
examination. 

Formulas  for  chimneys  are  so  vartona  that  there  is  room  for 
some  disagreement,  perhaps,  as  to  what  is  a  "  generally  accepted  " 
one.  Probably  the  formulas  given  by  Peclet  and  Rankine  are 
uH  generally  accepted  as  any.  I  lisve  entered  my  objections  to 
those  formulas  for  general  application,  in  that  they  make  no  ac- 
count of  variation  in  the  ratio  of  grate  to  chimney  area.  How- 
ever, for  a  ratio  of  8  to  1,  and  temperatures  from  500"  to  60)~ — 
conditions  similar  to  those  for  which  Feclet's  constants  were 
determined — they  maybe  safely  used. 

The   equations   given  by  Rankine  in  The  Steam  Engine   may 
lie  reduced  to  tlio  following  form,  by  which  may  be  calculated    i 
the  number  of  poumls  of  coal  that  may  be  burned  per  hour  per  J 
square  foot  of  grate  with  a  chimuey  of  given  height,  and  a  ratio  J 
of  gritte  to  chimney  of  8  to  1.  ^H 
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I.  j/^<,g(.86;-;-i) 


13+ -^^i^' 

assumptions  as  are  made  '. 


[n  this  formnla,  asiug  the  sami 

-•.  Kent's  calculation,  we  Lave  : 

•solute  temperature  of  chimney,  r,, 

■T  a  round  chimney,  the  liydratilic  mean  depth,  m, 

■r  21  lbs.  of  air  per  lb,  of  iioal,  the  volume  at  temper 

atnre  To,  or  fo, 
'Soluts  temperature  of  external  air,  r^ 


^1000°_ 
=  .28  \^A 


i-ilother  formula  which  has  been  quite  widely  published, 
icli  applies  to  about  the  same  conditions  as  are  assumed 
^Mr.  Kent's  calcnlation,  and  which  agrees  well  with  laher- 
*<3'8  experiments  on  anthracite  coal,  is  given  bj  Professor 
*raton.*  This  rule  is,  SnhtrarJ  one  from  twice  the  square  root 
^  height,  and  the  resi^^  is  the  rate  of  combustion  for  aiMiracite. 
low-grade  soft  coals  the  result  is  to  be  multiplied  bj  1.6. 
'  the  general  case,  we  may  use  tlie  mean  of  the  figures  for  best 
Iiraeite  and  low-grade  bituminous,  or  a  multiplier  of  1.25. 
H  the  following  table  I  have  given  in  the  second  column  the 
-s  of  combustion  which  the  calculations  in  the  paper  before 
*laow,  on  the  assumed  ratio  of  grate  to  chimney  of  8  to  1,  and 
-Vie  third  column  the  heights  of  chimney  there  deduced,  by 
formula  ;  in  the  last  two  columns  are  the  rates  of  combustion, 
icb  the  same  chimneys  should  give,  under  the  same  conditions, 
"ordiiig  to  the  formulas  of  Rankine  and  of  Professor  Thurston. 
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It  -will  be  seen  that  the  reBulta  bj  my  formnla  dififer  from  thj 
otherB,  in  each  case,  less  than  the  two  latter  differ  from  eat 
other. 

A  comparison  of  one  formula  with  another,  or  even  with  aver- 1 
age  practice,  is  not  a  very  satisfactory  or  accurate  test  of  thom 
correctness  of  the  formula,  as  the  accuracy  of  the  standard  ii 
too  uncertain;  but  there  seems  to  be  hardly  enough  difFere 
in  this  case  to  be  fairly  characterized  by  the  adjective  trem 
douB. 

I  have  generally  obtained  most  satisfaction  by  comparing  th« 
formulas  with  the  results  of  carefully  made  experiments  upoi 
chimneys,  where  all  the  conditions  affecting  the  problem  havdl 
been  determined  as  accurately  as  possible.     The  results  of  ona  f 
such  compansou  are  given  in  my  paper  presented  at  the  laat  I 
meeting.     Another,  which  may  be  of  interest,  is  furnished  by  1 
the  results  of  a  boiler  trial  made  April  5  at  the  Power  Station^ 
of  the  Missouri  Railroad  Company  in  St.  Louis,     The  data  are  | 
as  follows  :  height  of  chimney,  7/  =  92  feet ;  diameter,  50  inches ; 
area,  13.12  square  feet;  area  of  grate  surface,  48  square  feet; 
area  of  grate  opening,  21  square  feet ;  temperature  of  chimney 
gases,  609°  Fahr.     The  proportions  of  the  boiler  and  furnace 
were  such   that  the  value   A"  =  0.2  may  be  safely  used.     The 
number  of  pounds  of  coal   burned  per  hour  by  the  formula 
should  then  be,  I^  =  1,112,     The  coal  used  was  a  rather  free- 
burning  bituminous  coal,  and  the  number  of  pounds  per  hour 
actually  burned  during  the  trial  was  1,179.     The  damper  and 
ash-pit  doors  were  kept  wide  open  all  the  time.     According  to 
the  formula  given  by  Mr.  Kent  in  VoL  "VI.  of  the   'frniisadions, 
the  coal  consumed  in  this  csise  ought  to  have  been  1,749  lbs; 
but  it  is  fair  to  call  attention  to  the  fact  that  as  the  ratio  of 
grate  to  chimney  in  this  case  was  not  8  to  1,  this  is  one  of  the 
numerous  cases  in  which  the  conditions  are  outside  the  limits 
within  which  the  empirical  formula  referred  to  is  safely  appli- 
cable. 

In  regard  to  the  first  table  presented  in  Mr.  Kent's  paper, 
the  disagreement  shown  between  the  formula  and  tlie  handy 
rule  in  the  matter  of  the  area  of  the  larger  sizes  of  chimneys 
illustrates  the  recommendation  made  in  my  recent  paper  that 
for  the  larger  chimneys  the  formula  should  be  used,  as  giving 
the  most  economical  dimensions. 

Mr.  A.  F.  Nagle. — Some  years  ago,  when  I  was  engaged  in  mill   i 
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igiDeering,  I  tried  to  find  a  satisfactory  formula  for  the  size  of 

limneys. 

They  all  seemed  to  me  to  be  too  complex  for  safe  guidance. 

conld  not  help  regardiag  the  height  as  an  element  too  greatly 

ependent  upon  conditions  likely  to  vary  so  much  as  to  make 
■ay  scientific  deteimiuatiou  of  the  height  really  unsafe  to  use, 
^tlier  than  as  an  approsimate  result  at  the  best.  I  was  about 
■eady  to  say,  Make  chimneys  as  high  as  you  are  willing  to  pay 
**^»  but  I  concluded  to  ignore  the  height  as  an  element  other  than 
*  make  it  reasonably  proportionate  to  the  diameter.  The  coal 
^'^ied  seemed  to  me  to  be  the  safest  basis  for  the  area  of  the 
'**Ciney,  and  I  examined  a  good  many  chimneys,  varying  from 
"  to  1,000  H.P.,  to  see  if  there  esisted  any  common  ratio 
'«"^6en  these  two  elements.  Where  a  smaller  ratio  than  one 
'■^  one-half  (IJ)  squnre  inches  of  area  to  one  (1)  pound  of  coal 
*-*ned  per  hour  existed,  much  dissatisfaction  existed  as  to  the 
~aft  of  the  chimney.  When  it  reached  two  (2)  square  inches  per 
^e  pound  of  coal  very  satisfactory  results  were  found  to  exist, 
bimtteys  in  full  use  rarely  hod  more  than  this,  although  it  is 
ot  unusual  to  make  new  chimneys  so  large  as  to  permit  doubling 
be  boiler  capacity.  The  handy  rule  quoted  by  Mr.  Kent  is 
quivalent  to  two  and  a  quiirter  (2!)  square  inches  of  area  per 
tound  of  coal  per  hour,  and  I  should  bfelieve  it  to  be  very  gen- 
rous,  and  sliould  give  good  results. 

Pi'of.  Gale.—l  would  say  that  that  rule  is  only  given  as 
ipplicable  to  smaller  sizes  of  chimney.  In  my  paper,  where  I 
lave  given  the  formula,  I  have  stated  that  it  should  be  applied 
inly  to  small  sizes. 

Jlr.  Srlicffler.—'L  would  like  to  ask  Prof.  Gale  what  he  took 
IS  representing  t  in  the  formula  in  obtaining  the  figures  meant 
tor  height. 

Priif.  Gah\—i  equals  500^  temperature  on  the  ordinary  Fah- 
renheit scale. 

J/r.  Jfiit.  A'tnf.*— Prof.  Gale  states  as  the  reason  why  I  ob- 
tained such  unusual  figures  for  height  of  chimney,  in  using  his 
'ormuln,  that  I  have  taken  areas  of  grate  for  the  small  powers 
3ut  of  all  proportion  to  the  amounts  of  coal  burned  on  them,  or, 
,n  other  words,  that  I  have  calculated  heights  for  chimneys 
suitable  to  inoidinately  low  rates  of  combustion.  To  ascertain 
aeights  suitable  to  the  average  conditions  of  practice,  h©  says  I 


I 
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shoald  have  assumed  the  area  of  f^rate  opening  a  equal  to  aboi 
three-eightlis,  or  0.4,  that  of  the  grate,  and  theii  taken  the  area 
grate  such  as  is  customary  for  the  given  power,  or  such  as  wod1( 
give  a  rate  of  combuation  corresponding  to  those  generally  em*! 
ployed. 

Possibly  I  should  have  made  these  assumptions  in  using  Prot 
Gale's  formula,  but  I  thought  it  safer  to  assume  the  same  values 
for  these  quantities  which  Mr.  Gale  himself  uses  or  suggests  in 
his  own  paper.  In  that  paper  he  says :  "  In  ordinary  boiler 
furnaces  the  area  for  admission  of  air  to  the  fire  «  may  be  con*' 
sidered  roughly  as  one-third  of  the  grate  area,  and  when  the 
ratio  of  grate  surface  to  tube  calorimeter  is  between  6  and  9,  K 
may  be  taken  approximately  as  0.2."  I  therefore  assnmed  in  my 
calculations  a  to  be  equal  to  one-third  of  the  grate  area,  the 
grate  area  to  be  9  times  the  chimney  area,  and  K  to  be  0.2,  ao 
as  to  make  all  my  calculations  as  strictly  within  the  limits  of: 
Prof,  Gale's  paper  as  possible. 

Prof.  Gale's  direction  that,  in  using  his  formula,  I  should 
have  "  taken  the  area  of  the  grate  suHt  as  is  customary  for  a  boiler 
of  the  given  power,  or  such  as  would  give  a  rate  of  combustion 
corresponding  to  those  generally  employed,"  is  too  indefinite  to 
be  followed  in  practice.  What  is  the  rate  of  combustion  gener- 
ally employed  ?  I  find  that  in  the  tests  at  the  Centennial  Exhi- 
bition, among  the  5  boilers  which  gave  the  highest  economical 
results  out  of  the  14  reported  on,  in  the  economy  test  one 
boiler  had  a  rate  of  combustion  of  7.24  lbs.  of  anthracite  per 
square  foot  of  grate  per  hour ;  another  boiler,  not  very  different 
in  construction  and  almost  identical  in  economy,  had  a  rate  of 
12.96  per  square  foot  of  grate.  In  the  capacity  tests  these 
boilers  used  respectively  11,31  and  17.36  U)s.  per  square  foot. 
In  the  table  of  30  tests  of  Babcock  and  Wilcox  boilers,  pub- 
lished in  Sieam,  the  rate  of  combustion  in  those  tests  in  which 
the  boilers  developed  more  than  their  rated  horse-power  varies 
from  11.21  to  40  lbs.  per  square  foot  of  grate  per  hour.  In  a 
test  which  I  made  recently  with  a  pair  of  tubular  boilers  on  two 
consecutive  days,  the  rate  of  combustion  was  18,5  lbs.  and  15.6 
lbs.  per  square  foot  of  grate.  On  both  days  the  conditions  were 
alike  as  far  as  they  could  possibly  be  made,  damper  and  ash-pit 
doors  wide  open  all  day,  but  the  coal  on  the  first  day  gave  only 
8.4^  of  ashes  and  refuse,  and  the  coal  used  on  the  second  day 
14ff.      The  ashes   and   clinker   gave   so  much   trouble   on   the 
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;coiid  day  that  it  was  evident  that  it  would  have  been  mut'h 
etterto  have  had  a  lai^er  j^rate  surface  and  a  still  lower  rate  of 
ombuBtion  than  15  lbs.  per  square  (aot;  while  on  the  first  day, 
'O  doubt,  as  good  results  as  were  obtained  with  18.7  lbs.  could 
'ave  been  obtained  with  a  rate  of  25  lbs,  if  the  grate  surface 
■•ad  been  made  smaller  and  the  chimney  increased  in  height  so 
"8  to  produce  sufficient  intensity  of  draught  to  burn  coal  at  that 

Ji*.  view  of  these  differences  in  rates  of  combustion,  which  are 
_  a  large  extent  necessary,  both  on  account  of  the  extreme  vari- 
*c>xis  in  character  of  coal,  and  of  the  variations  in  construction 

"^oilers,  which  limit  more  or  less  the  room  available  for  grate 
*^tace,  or  which  offer  more  or  less  obstruction  to  the  passage 

"tie  gasea  from  the  fire  to  the  chimney,  it  is  manifestly  impos- 
■^*e  to  give  a  figure  for  area  of  grata  or  rate  of  combustion 
S«nerally  employed."  If  Prot  Gale  had  intended  his  formula 
Ibe  used  in  practice  he  should  have  given  numerical  values  to 
^^  coefficients  to  be  osed  iiuder  various  circumstances,  instead 
^  leaving  to  the  judgment  of  each  cue  who  attempts  to  use  the 
^xmula  what  rate  of  combustiou  or  extent  of  grate  surface  is 

^nerally  employed." 
Prof.  Gale  says  I  have  not  attempted  to  point  out  where 
-is  theory  is  wrong.  I  have  purposely  left  that  branch  of  the 
ubject  to  others  who  discussed  his  paper  at  the  New  York 
ueeting,  and  have  confined  myself  to  an  attempt  to  apply  his 
ormula  in  practical  cases, 

I  would,  however,  make  the  general  criticism  that  it  is  wrong 
o  construct  a  formula  for  use  in  practice  in  which  the  "  con- 
;tants  "  are  derived  by  averaging  a  number  of  figures  which  are 
tstremely  variable,  and  many  of  them  undeterminable,  such  as 
lie  free  area  of  grate  surface,  the  rate  of  combustion,  the  resist- 
mce  of  the  fire  grate  and  the  bed  of  coals  upon  it,  and  other 
rictional  resistances.  These  latter  quantities  vary  enormously, 
,nd  vary  with  every  fresh  firing  and  every  time  the  fireman 
ireaks  up  a  coked  mass  on  the  surface  of  the  fire  or  clears  the 
linkers  from  beneath  it.  An  average  of  such  variable  quantities 
hould  not  be  takon  as  representing  "  customary  conditions  "  or 
'  ordinary  practice,"  It  is  wrong  to  make  a  formula  for  dimen- 
ioning  a  structure  which  ie  to  last  for  years  depend  upon  such 
.  quantity  as  the  free  area  through  the  grate,  which  may  vary 
vith  everj-  variation  in  quality  of  coal  used,  and  upon  the  re- 
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Bistanoe  to  the  passage  of  the  air  through  the  bed  of  coal' — onfti 
of  the  variablpB  entering  into  the  coefficient  K — which  variesB 
everj  minute  of  the  day.      The  chimney,  when  built,  is  a  fixed! 
Btruoture.     It  should  be  dimensioned  ii-ith  reference  to  the  quan-J 
tity  of  coal  to  be  burned,  which  is  the  one  quantity  most  likely 
to  be  approximately  known  in  advance,  and  not  to  the  free  grate 
area  or  total  grate  area,  which  may  be  varied  frora  time  to  time 
as  the  quality  of  ooal  may  require,  nor  to  any  supposed  coefficient 
of  resistance  to  passage  of  air  through  the  grates,  which  is  inj 
practice  not  determinable. 

In  the  present  state  of  <iur  knowledge  I  do  not  think  any  satis-^ 
factory  theory  of  chimneys  can  be  framed  whicli  will  include  a 
consideration  of  all  the  different  variables  that  affect  the  rate  of 
combustion,  and  from  which  a  formula  can  be  derived  that  will 
prove  of  value  in  practice.      Chimneys  are  not   designed   byJ 
engineers  from  Peolet's  formulse  or  from  Kaukiue's,  nor  will  theyiT 
I  tliink,  be  designed  from   Prof.   Gale's.      Tlie   best   chimney! 
formula  that  can  be  obtained  at  present  is  an  empirical  c 
which  may  be  modified  or  diWded  into  two  or  more  to  meet  . 
different  practical  conditions,  as  new  data  are  obtained  from  ex- 
periment, 

I  regret  that  the  principal  debater  of  ray  paper  has  not  seen 
fit  to  give  na  the  dimensions  which  he  would  propose,  calculated 
by  the  use  of  his  formulte,  for  chimneys  for  the  several  assumed 
cases  which  I  figured  uj>on,  viz, :  chimneys  to  be  used  with  boilers 
consuming  from  100  to  5,000  Iba.  of  coal  per  hour.  If  he  had 
done  so,  we  might  have  more  easily  discovered  some  practical 
value  in  the  formulw  suggested. 
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^^E   GRAPHIC  REPRESENTATION  OF  THERMAL 
QUANTITIES. 

(Mcunbpi  of  van  SDciflJ.) 

■*- Be  geometrical  represeutations  of  thermal  quantities  are  of 
^^t  assistance  in  forming  mental  conceptions  of  the  changes 
*iXch  take  place  in  fluids,  due  to  changes  in  the  heat  to  which 
•■^  J  are  subjected,  and  especially  furnish  a  means  of  illustrating 
*-^  algebraic  expresBiokis  which  occur  in  the  study  of  thermo- 
yuamics. 

\Ve  cannot  say  when  graphics  was  first  used  in  this  science, 
*^t  the  use  of  thermal  lines  would  naturally  follow  closely  the 
discovery  of  Msriotte's  law.py  =  a  coii^ilanl,  and  areas  would  be 
Ised  to  illustrate  propositions  in  the  dyuiimic  theory  of  heat. 

The  writer,  HO  far  as  he  is  aware,  was  the  first  to  represent  on 
a.  diagram  of  energy  internal  work,  and  it  is  the  purpose  of  the 
present  paper  to  extend  these  representations  to  some  cases  not 
before  given.  In  order  to  make  the  discussion  complete  it  will  be 
necessary  to  repeat  some  principles  which  may  be  more  or  less 
familiar  to  the  reader.  The  representations  are  founded  upon 
the  following  theorems : 

T/ie  mechaaiait  equivalent  of  the  heat  absorbed  or  given  out  hy  a 
sulistance  in  passing  from  one  gicen  state  (as  to  pressure  and  volume) 
to  another  given  staie,fhroitgh.  a  series  (^  slates  represented  by  thecdOr- 
diiiates  of  a  givifn  curve  on  a  diagram  of  energy,  is  represaiied  by  the 
area  included lieiioeen  the  given  curve  and  ike  curve  of  no  transmis- 
sion- of  heat  drawn  f-om  Us  extremities,  and  ind^nitdy  prolcmged  in 
the  direction  reprcJienling  increase  cf  volume.* 

If  a  fluid,  he-  worl'ed  through  a  series  of  changes  {as  to  pressure  and 
volume)  from  any  gicen  state  hack  to  the  same  state,  the  resvUant  in- 
fernal icorl-  mil  lie  zero.'f 

*  KHnkiiK-.  PMl.  Trans.,  ISoi.      I^Uam  Engine,  p.  308. 
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Let  AB  (Fig.  202)  be  the  path  of  the  fluid,  Atpi  and  J?<^ 
adiabatics  indefinitely  extended  to  the  right,  i?  the  heat  absorbed 
in  working  from  A  io  B ;  then,  according  to  Bankine's  theorem, 

H  =  q>iABcp^, 

If  the  fluid  be  imperfect,  internal  work  will  be  done  during  the 
indefinite  expansion  Aq)^  which  represent  by  the  area  cp^Aan^, 
The  more  the  gas  is  expanded  the  more  it  approximates   to  a 


Fig.  202. 

perfect  gas  and  the  internal  work  diminishes  indefinitely,  so  that 
aril  is  asymptotic  to  Acpi.  Let  ^S^  represent  this  internal  work ; 
then 

Similarly, 

bS^  =  qhBhn^. 

The  external  work  in  passing  from  state  A  to  state  B  will  be  : 

U  =  ViABv^^ 

during  which  a  certain  amount  of  internal  work  will  be  done, 
which  represent  by 

j^Sb  =  ABba, 

read  "  S  between  A  and  B, "  or  "  internal  work  between  A 
and  Br 

Conceiving  that  ^i  and  (Pi  are  infinitely  distant,  A<pi  and  Bcp^ 
asymptotic,  the  cycle  will  be  closed,  and  will  be  q>\AB(p^, 
while  the  internal  work  will  be : 

-  aS^  +  aSb  +  bS^  =  (piABcp^n^Th  =  0. 


THE  GRAPHIC  REPBEBENTATION  OF  THECMAL  QDAMTITIES.     999 

This  IB  zero,  according  to  tlie  second  theorem  above.     From 
lia  equation  we  have  : 

aSj,  =  aSo,  —  fli's- 

The  determination  of  ^S~  and  sSa.  by  means  of  adiabatic  ex- 
.^a-neion  ib  impossible  in  many,  if  not  in  all  cases,  and  may  be 
ilnaplified  tor  all  cases  by  isothermal  expansion  as  follows : 

Through  A  and  B  pass  the  iHotliernials  At,  and  Bt,,  and  let 
''i-^am,,  indefinitely  extended  to  the  right,  represent  the  internal 
^*^*^'"k  during  the  isothermal  expansion,  and  nBhni^  that  during 
'**e  isothermal  expansion  from  B.  Since  the  lines  Ar^,  am-u 
^'**-,  are  asymptotic  to  each  other,  we  have  the  closed  cycles 
'  -^  -5rj  and  iHiOimt,  while  ^S^  is  the  same  as  before  ;  hence 


a^c 


iSji  =:  T,Aanii  —  TtBbniti 
.-.  Aani<p,A  =  AamiT.A  =  .So, : 

'^'i^t  iH. 

jiS',  =  TjAam,, 


*^t  is, 


j^^  =  T,Bhm. 


The  heat  absorbed  may  do  three  things  : 

Ist  It  may  do  external  work. 

2d.  It  may  do  internal  work. 

3d.  It  may  change  the  energy  of  the  substance  by  changing 
its  temperature. 

Tlie  general  differential  equations  of  tbermo-dynamicB  are  (the 
author's  work,  p.  48) : 


dH  =  KJt 


<%)/"■ 


(A) 


in  which  H  is  the   heat  absorbed,  K^  the  specific  heat  of  the 

fluid  at  constant  volume,  r  the  absolute  temperature,  v  the  toI- 
ume  of  unity  of  weight,  and  p  the  pressure  on  unity  of  area.  To 
transform  the  first  of  these  equations  so  as  to  represent  the  three 
respective  works  mentioned  above,  add  and  subtract  pdv,  the 
external  work,  giving 

H  =  \pdo  +  \[r{^^J^  ~  i\<lv  +  \K4r,  .    .     .     (1) 
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the  second  term  of  the  second  member  representing  internal 
work  ;  but  it  cannot  generally  be  computed  unless  r  be  con- 
stant, since  otherwise  the  quantity  in  [  ]  will  not  be  a  func- 
tion of  V  only.  The  fluid  may,  however,  simply  for  the  sake  of 
determining  the  internal  work,  be  worked  from  A  (Fig.  203)  along 
the  isothermal  r^  to  C  and  thence  to  J?,  in  which  case  the  [  ] 
becomes,  by  reduction,  a  function  of  v,  since  the  temperature 
from  Aio  C  will  be  constant  and  may  be  represented  by  r^ ;  and 
tlie  preceding  equation  becomes 


H  =  U+\    \r,(^^  -p]dv  +  f    KJiT. 

^1  « 


■'I'l 


(2) 


Represent  the  second  term  of  second  member  by  A  CcaA.  The 
third  term  cannot  be  integrated  unless  K^  be  a  known  function 
of  V ;  it  generally  involves  internal  work  due  to  increase  of  tem- 


.- H 

Fig.  203. 


perature,  and  if  this  work  could  be  eliminated  the  remainder  of 
the  heat  required  to  change  the  temperature  one  degree  would, 
according  to  an  hypothesis  of  Kankine,  be  independent  of  the 
temperature  or  pressure,  and  hence  would  be  constant.  Con- 
ceive an  isothermal  drawn  from  any  point  between  C  and  B 
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iding  indefiuitely  to  the  rigbt ;  tlien  will  the  internal  work 
X)  an  expansion  along  this  isotherinal  be 

^=Cl'(|)-^]''" (^) 

le  internal  wort  due  to  a  chamje  dr  of  the  temperature  at  the 
[ue  Vi  will  he  the  difierential  of  this  expression,  or 

dS  =  r  fr^dr  -  drf  -  dp\dv  =  f '  r^-^^.rf., 

iAe  entire  heat  absorbed  for  a  change  of  temperature  from 
will  be 


(4) 


A, 


tdrdv  +  C,\     dr 


K4'-   ■ 


lis  expression  is  represented  by  the  area  (p^OBtPi  (Fif^.  203)^ 
iJfi^jf'Fig,  204),  the  shaded  part  representing  the  first  term 


\ 
\ 

\ 

^--^^~^- 

^^^^~2rr~-- 

"^^p, 

I 

he   expression,    or   internal   work,  and  the  unshaded  part 

esenting  CU^'j  —  i"!*-  But  the  shaded  part  is  the  difference 
le  internal  works  in  passing  out  along  isothermala  through 
is  -1  and  B  respectively  and  indefinitely,  as  in  Fig,  205  ;  or, 


-.  drdv  -^ 


T^Janii,  —  T^Bbm-i  ~  the  shaded  part. 
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all  indefinitely  extended.     The  unshaded  part  between  XiABxi 
in  Fig.  205  is  not  the  same  as  the  unshaded  part  between  q^iABq^ 
in  Fig.  204  ;  but  the  shaded  parts  are  equivalent. 
Equation  (2)  becomes 


(6) 
which  is  separated  into  the  three  parts  above  enumerated. 

The  third  term  of  the  right  member  of  this  equation  may  be 

put  in  another  form.     The  internal  work  in  passing  from  C  to 


Fig.  205. 


B  (Fig.  203)  will  be  the  same  as  passing  from  B  to  infinity  along 
T.2  and  back  along  r,  to  C ; 

and  this  substituted  in  equation  (6)  gives,  observing  the  proper 
limits, 


(J) 


===     V  -'-    A^^ig    —  ^OD  +    <7»(^2  —  Tj), 
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=  V,ABv,  +  _iSs  +  C,{t,  ~  7-,),  in  Fig.  202. 

=  Y^ABvt  +  AacC  +  <ptCB<p^  in  Fig,  203. 

=  \\ABv.i  +  AacC  +  9*,  Cdm,  +  C,  (T,-r,>,  in  Fig.  203. 

When  the  expansion  is  at  constant  temperature  the  case  is 
omparatively  simple.  If  the  fluid  be  saturated  vapor  the  Jso- 
:he ITU al  will  be  a  straight  line  parallel  to  the  axis  of  v.  In  Fig. 
J06  let  Ovi  be  the  volume  of  a  pound  of  water,  and  let  it  be  evap- 
orated at  the  constant  pressure  r,  .4  to  the  volume  Ov-,,  A<pi  and 
B<p^  adiabatica.  The  internal  work  of  producing  steam  from  water 
at  three  atmospheres  is  about  eleven  times  the  external  work,  and 
at  one  atmosphere  it  is  some  twelve  times  ;  hence  at  three  atmos- 


pheres, in  order  to  represent  the  entire  work,  r,a  must  be  about 
eleven  times  y,--!.  Drawing  (16  parallel  to  Ov-,,  and  making  ab  = 
AB,  then  will  AahB  represent  the  internal  work  for  the  expan- 
sion i\v\. 

Equation  (A)  divided  by  t  becomes 


dH  ^ 


dr 


■dH, 


(8) 


Eankiue  calls  the  expression    —   thethervio^ynamicfuncticm, 

and  represents  it  by  q> ;   Clausius  calls  it  entropy. 

There  is  no  good  reason  for  the  term  used  by  Bankine,  since 
any  other  function  involved  in  the  transferrenee  of  heat  might 
have  received  the  same  name  with  as  much  propriety,  while  the 
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term  used  by  Clausius  is  generieally  appropriate.     The  former 
however,  is  understood  by  all  students  of  the  science  to  apply  t« 
the  same  thing  as  the  latter.     Bankine  does  not  define  the  te 
except  algebraically  ;  he  simply  writes : 

<?.=-(7,logr-f  ^^ ,2 

where  C^  is  that  part  of  the  specific  heat  which  goes  to  make  ^^ 

J  JT 

substance  hotter,  and  -,—  the  rate  of  doing  work  both  external  aoj 

internal  per  unit  of  temperature,  due  to  an  increase  of  tempera- 
ture ^r,  for  an  expansion  <Zv,  and  U  the  external  work,  and  calls 
the  expression  the  "  thermo-dynamic  function." 

It  may  be  defined  as  the  sum  of  the  quotients  arising  from 
dividing  the  elementary  portions  of  heat  absorbed  by  a  body  by 
the  respective  absolute  temperatures  at  which  it  is  absorbed. 

The  definition  and  conception  are  much  simplified  by  confining 
it  to  an  elementary  quantity  of  heat,  for  then  it  may  be  defined 
as  one  of  the  equal  parts  resulting  from  dividing  an  elementary 
portion  of  heat  by  the   absolute  temperature  at  which  it  is 
absorbed.     This  will  be  represented  by  dqi ;  its  value  is  given 
by  equation  (8). 

To  represent  dq>  on  a  diagram  of  enei^,  let  the  path  be  arbi- 
trary, as  ZJLr(Fig.  207).     Through^  pass  an  isothermal  Ar^  and 


Fig.  207. 

other  isotliermals  below  r  differing  by  one  degree,  marked  r— 1 
r— 2.  Draw  two  consecutive  adiabatics  q)^A^  q>iM.  From  M  dro] 
the  perpendicular  MN  to  the  intersection  N  on  the  r.isother 
mal,  and  draw  the  adiabatic  Nq)'^     Then  will 


=  r(^£)dv  +  K4r. 
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The  isothermals  differing  by  uDity,  divide  each  of  the  areas 
xANipi  and  <piNM<Pi  below  the  r-isothermal  into  equal  parts, 

od  the  area  AaM  disappears,  since  it  will  be  an  infinitesimal 

f  a  lower  order  than  AabB ;  hence 

.         dH 


+  KfS 

AH/B  + 

Nabf 

AabB  = 

BhcC  = 

The  thermo-dynamic  function  then  is  represented  on  a  diagram 
of  energy  by  the  area  between  two  consecutive  adiabatics  and 
two  isothermals  differii^  by  one  degree. 

Since  the  heat  absorbed  in  passing  from  A  Ui  M  \s  repre- 
sented by  q>xAMtp3,  we  may  define  : 

The  thermo-dynamic  furtctum,  or  d<f>,  is  the  rate  of  transferrence 
of  heat  per  degree  of  absolute  temperature,  as  a  body  absorbs  or 
emits  heat  according  to  any  law. 

The  equation  of  the  gas — or  fluid — must  be  known  in  order 
to  determine  the  general  value  of  entropy,  and  even  if  this  be 
given  the  determination  frequently  involves  complex  analysis. 
We  may  illustrate  the  method  by  taking  a  perfect  gae.  The 
equation  of  the  gas  will  be  : 

pv  ^  Ht; 


The  eutropy  will  be,  the 


V^- <fU  =  a  log  -^'^  +  Ji  log  -J-.    .     .     .     (10) 

The  most  natural  unit  from  which  to  reckon  entropy  would, 
at  first  tiiouglit,  sfiem  to  be  the  absolute  zero,  but  an  inspection 
of  tlie  preceding  equation  shows  that  it  would  be  reduced  to 
infinity,  for  t,  =  ';  siiid  lieuce  that  limit  is  impractical;  and  since 
it  is  only  tiie  difference  of  the  functions  that  is  needed,  no  in- 
ferior limit  is  assigued.     I  designate  this  difference  by  the  nota- 
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tion  _tipn,  read  "  <p  between  A  and  B," 
A  and  R" 

In  Fig.  208  let  AB  be  the  "  path  of  th 
find  the  eutropj  between  -1  and  £.    A 


it  may  be  separated  into  two  parts,  i 
stant  and  the  temperature  varying,  and 
ature  constant  and  the  volume  varying 
heat  absorbed  along  an  isothermal  per 
ature,  from  v,  to  v-i.  Let  AG  be  the  i 
thermal  one  degree  lower,  A£,  CD  anc 

ACDE  =  B\og  ^-- 

Let  ml  be  any  adiabatic  passing  be 
the  heat  absorbed  for  an  increase  of  te 
between  the  consecutive  adiabatics  il  ai 
to  the  right,  or 

C\.tlT  =  lijk  indefinitely 
Cut  the  adiabatic  i7  by  an  isotherma 
that  at  I,  then  will 

area  UlcJ  =  C„ — 

.-.CBFD  ~  CX'—  =  C, 
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ilxteud  the  adiabatics  da  and  cb  back  to  an  intersection  with 
1  path  AB,  and  cot  ed  by  an  iaothermstl  one  degree  lower  than 
.t  at  e  and  let  A  be  the  point  of  intersection;  then,  by  definition, 
h  will  equal  ahcd.  Similarly,  mnop  will  equal  ijkl  By  divid- 
the  areas  AODE  and  CBFl)  into  an  indefinite  number 
strips  by  adiabatics,  and  finding  the  equivalent  of  the  areas 
dng  their  bases  on  the  line  AB,-^%  will  find  an  area  ABFE 
lal  to  both  the  former  areas.     Hence,  we  have 


ABFE=  ACJJE^  CBFD 


=  7?log^^C„log^ 


(11) 


"£  the  temperature  be  constant  during  expansion,  several  sim- 
relations  exist  iu   terms  of   the  thermo-dynamic  function. 
QS,  if  r  be  constant  the  first  of  equations  (At  becomes 

!n  Fig.  209  let  (uj  be  an  adiabatic  and  am  an  isothermal.     They 


:  here  represented  by  right  lines,  since  these  relations  exist 
,y  for  a  stah;  as  a,  and  the  ratios  are  rates.     The  points  a  and  h 
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being  consecntiTe,  and  g2  an  isothermal  unity  above  am,  tlie 
area  aghh  will  be  d<fi.  dtp  -=r  <le  will  be  the  number  of  dq!^ 
in  the  abscissa  unity.  Pass  along  the  isothermal  am-  until  the 
abscissa  of  m  is  «?' =  1  (the  unit  being  chosen  arbitrariiy) ; 
through  m,  draw  the  adiabatic  mz ;  then  will  the  area  {jauiz  con- 
tain the  ilqis  for  w  =  1.  In  the  right  member  dp  -h-  dr  for  w  con- 
stant is  the  vertical  distance  between  two  isothermals  differing 
by  unity,  and  hence  is  ao- ;  and  this  multiplied  by  v=  \  gives  the 
area  of  the  trapezoid  (Kym.  But  this  trapezoid  has  the  same 
base  am.  as  amzg,  and  between  the  same  parallels  ;  hence  they 
are  equal. 

It  will  be  observed  that  in  equation  (12)  the  subscript  r  of 
the  left  member  is  the  variable  in  the  denominator  of  the  right 
member,  and  vice-veraa.  Hence  taking  the  reciprocals  of  equa- 
tion (12)  we  have, 


\dip/  p  __  \dj  J  'p 


(13f 


In  Fig.  210  let  ugsl^  be  the  arbitrary  area  representiug  a^Pt 
then  will  the  abscissa  of  i*  from  «  with ^i  constant  be  ai,    liao  =^ 
—  1,  then  will  aoo!  represent  the  left  member  of  the  equation 


is  the  increase   of   temperature 


^ 


tnre  of  the  isothermal  tn  above  that  of  al\  and  since  ogsl-  is 
unity  and  is  between  two  isothermals  differing  by  unity,  multiply- 
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;  it  by  (-j-)     gives  the  area  atfilr,  the  same  as  just  fonnd  for 

3  left  member. 

The  second  of  equations  (A)  for  r  constant  becomes  : 

The  left  member  is  the  dq^'s  for  p  unity.  Pass  along  the  iso- 
thermal ak  until  the  ordinate  of  k  in  reference  to  a  is  unity  ;  it 
will  be  negative.  Draw  aj  horizontal,  intersecting  the  r  +  1 
isothermal  at  /,  then 

d(p  =  aghb  =  a/tt;6, 

and  drawing  zk  parallel  to  ag  and  km  parallel  to 
ajmk,  which  is  the  value  of  the  left  member.     ] 


(t' 


ber  (  ;t'  I  is  the  value  of  v  for  one  degree 

hence  is  aj;  and  this  multiplied  byjp  =  1 
same  value  before  found. 

Taking  the  reciprocal  of  equation  (14)  we  have 


0r  -  (t-^ <^'-' 


In  Fig.  210  let  agzk  =  ajmk  =  qj  =  1^  and  ax  =  v  =  1.  Through 
X  draw  the  isothermal  txy.  In  the  left  member  of  equation  (15) 
dp  -=-  dcp  will  be  ap,  and  is  negative,  and  this  multiplied  by 
ax  =  V  =^1  gives  the  area  of  the  trapezoid  axyk  =  atnk. 

The  right  member  is  the  diflference  in  temperature  of  the  iso- 
thermals  ak  and  fx,  which,  multiplied  by  <^  =  1  =  gzka,  gives 
the  area  tnka  as  before. 

Had  the  origin  been  at  k  then  would  the  ordinate  of  a,  or  pa, 
been  positive,  but  v  would  have  been  negative,  so  that  the  nega- 
tive sign  in  equations  (14)  and  (15)  would  remain. 

If  r  be  constant  the  first  of  equations  (A)  gives 
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The  left  member  of  this  equation  is  the  heat  absorbed  at  con- 
stant temperature  while  expanding  unity  of  volume,  provided 
the  amount  so  absorbed  is  the  same  for  each  elementary  in- 
crease of  volume.  dH-^  dv  being  a  ratey  is  shown  as  constant 
by  making  the  path  of  the  fluid  a  straight  line.     In  Fig.  211  let 


Fig.  211. 

AB  be  the  path  of  the  fluid,  limited  by  the  ordinates  v^A  and 
v^B  where  V2  — ^i  is  unity.  Acp^,  Btp^  being  adiabatics,  cpi 
AB(p2  will  be  the  heat  absorbed,  and  is  dlT-r-  dv.     In  the  right 

member  (■J-)  is  the  increase  of  pressure  for  an  increase  of  one 

degree  of  temperature.  Let  gb  be  an  isothermal  one  degree 
higher  than  AB ;  then  will  the  ordinate 


^« = (I).- 

which  being  multiplied  hj  v  =  1  =  V2  —  Vi  gives  the  area  AahB  ; 
hence, 

'^)  (v  =  l)  =  AahB  =  AghB  =  ABCD,  etc. 

.-.  r  ^^)  .1  =  (piAB(p2. 
Differentiating  equation  (16)  regarding  r  as  variable  gives 
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«  the  subscript  v  in  the  factor  1„  indicates  the  quantity 
le  valne  is  unit)'.  The  left  member  of  (17)  ia  the  increased 
int  of  heat  which  must  be  absorbed  by  increasing  the  tem- 
;nre  one  degree,  the  exj^ausion  being  for  an  increase  of 
-  of  volnnie  at  the  higher  temperature.     In  Fig.  212  if  AB 


'  isothermal,  and  v-i—  v,  ~  1,  then,  as  shovn  in  Fig,  311, 
/r///\ 


(f)- 


WiA^^a. 


t  ab  be  the  t  -f- 1  isothermal,  then 

dr  \  dv  ), 
—  rpiAaipi  -f  <p.flh<p,  —  -p^ABtpt  - 
=  (ipiAaqj.^  -  'f'lBhp^  +  {•f'M'Pi 

1  was  to  be  proved. 

3  second  of  the  equations  (-1)  for  t  constant 
/dv' 


■h, 


AB(p,). 


Or 


'O^ 


(18) 
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The  left  member  implies  that  one  is  to  pass  along  the  r 
isothermal  until  there  is  a  diminution  of  pressure  of  unity. 


9 


\     1                    ^^"^^ 

B^f^^^^^Z^" 

\"^*"""^^^4^^ 

—  r 

\            \ 

T-l 

9, 

\ 

Fig.  218. 

r-1 


In  Fig.  213  let  AB  be  the  r  isothermal ;  Ad,  Be,  horizontals ; 
cf  the  r  +  1  isothermal.  The  trapezoids  AdeB  and  AB/c  are 
equal,  and 

We  also  hare  (-r-^=  Ad; 

.:  fp\  Ip  =  AdeB  =  AcfB ; 

as  before. 
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ON  THE  MEASUREMENT   OF  DURABILITY  OF  LVBRI- 
CAN^TS. 


(Membef-  qI  tbe  Suclcty.) 

Practical  differencee  of  durability  of  Inbricauts  depsnd  not  on 
any  differences  of  inherent  ability  to  resist  being  "  worn  out "  by 
rubbing,  but  upon  the  rate  at  wljich  they  flow  through  and  away 
from  tbe  bearing  sarfaces.  The  conditions  whit'h  control  tliia  flow 
are  so  delicate  in  their  inSneucc  that  all  attempts  thus  tar  made 
to  measure  durabiUty  of  lubricants  may  be  said  to  have  failed  to 
make  distinctions  of  lubricating  value  having  any  practical  signi- 
ficance. To  illustrate :  let  a  standard  half-inch  plug-gauge  and 
its  ring  be  thoroughly  cleansed  of  nil  oiiy  matter  by  soaking  in 
etlier.  If  tlie  two  pieces  are  fitted  within  the  limit  of  standard 
accuracy  there  will  be,  say,  about  one  thirty-thousandth  of  an  inch 
greater  diameter  to  the  ring  than  to  the  plug.  The  two  pieces 
will  go  together  with  great  difficulty  after  cleansing  with  ether — 
in  general  a  mallet  will  need  to  be  used  to  force  the  plug  into  the 
ring.  But  if  the  pieces  be  smeared  with  lard  or  sperm  oil,  or  any 
good  oil  of  equal  fluidity,  the  plug  may  be  pushed  within  the  ring 
by  a  slight  effort  of  the  liand,  and  may  be  moved  back  and  forth 
at  tlie  rate  of  about  twenty  times  per  minute  with  the  utmost 
effort  of  the  wrist.  It  Hie  reciprocating  motion  is  stopped  for  five 
seconds,  the  plug  will  stick  and  must  be  driven  out  of  the  ring 
with  a  mallet.  The  phenomena  to  be  here  noticed  are,  first,  that 
the  oil  allows  itself  to  be  swept  into  the  crack  between  the  ring 
and  the  plug  by  the  reciprocating  motion  of  the  latter,  thereby 
acting  like  a  wedge  to  expand  the  ring  slightly ;  and,  second,  that 
as  soon  as  the  motion  of  the  plug  ceases  the  oil  between  the 
ring  and  the  plup;  is  squeezed  out  by  the  elastic  recovery  of 
the  ring.  The  orifice  through  wliich  the  oil  flows  from  under- 
neath the  ring  is  a  circular  annulus  one  sixty-thonsandth  of  an 
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iDcli  wide,  and  yet  the  flow  is  a  perfectly  definite  one,  inasmnch  J 
as  the  phetiomeDa  described  repeat  themselves  vitb  fair  rega-J 
larity. 

Let  both  pieces  be  again  cleansed  in  ether  and  the  experiment 
repeated,  using  as  the  lubricant  an  oil  so  tliick  as  scarcely  to  flow* 
out  of  any  vessel  at  ordiuary  temperature.  Such  an  oil  is  found 
in  the  petroleum  products  prepared  for  steam-cylinder  lubrication, 
It  will  be  found  that  the  plug  will  enter  the  ring  with  the  same 
readiness  as  when  lard  was  the  lubricant,  but  the  force  of  the 
wrist  will  not  be  able  to  reciprocate  the  plug  more  than  about  j 
one-thii'd  as  fast,  owing  to  the  greater  viscosity  of  the  heavy  oil. 
If  the  reciprocating  movement  of  the  plug  is  stopped,  a  period  of 
at  least  fifteen  seconds  is  necessary  to  cause  tiie  plug  to  stick,  so 
that  the  hand  cannot  readily  restart  it.  The  explanation  of  this 
difference  of  action  of  the  two  lubricants  is  simply  that  more 
time  is  required  for  the  heavy  oil  to  escape  underueath  the  ring 
and  allow  metallic  contact  between  the  latter  and  the  plug  to  be 
partially  resumed,  and  that  the  thicker  oil  requires  more  force  to 
overcome  the  friction  among  its  own  particles.  The  difference 
13  proportional  to  the  difference  of  viscosity  as  determined  by  the 
time  required  for  each  to  flow  through  any  orifice,  and  to  their 
coefficient  of  friction  as  determined  by  any  form  of  oil-testing 
apparatus  capable  of  measuring  friction  with  a  superabundance 
of  oil  fed  to  the  rubbing  surfaces.  The  sticking  of  the  plug,  when 
it  is  allowed  to  rest,  has  also  its  parallel  in  the  excessive  hiction 
offered  by  a  journal  to  starting  compared  to  its  fiiction  when  in 
uniform  motion,  the  oil  squeezing  out  from  between  a  journal 
and  its  brass  when  the  former  cDmes  to  rest  in  the  same  manner 
that  it  flows  from  underneath  the  ring-gauge.  It  is  evideut,  how- 
ever, that  if  these  definite  differences  of  flow  of  a  lubricant  from 
between  two  surfaces  exist  for  such  minute  thicknesses  of  film  as 
occur  with  the  plug  and  the  ring  and  for  such  slow  motion  as 
the  hand  produces,  in  studying  the  action  of  lubricants  in  prac- 
tice we  must  adjust  our  observations  and  scale  of  measurement 
to  the  consideration,  of  the  most  delicate  and  subtle  forces  or 
influences  to  which  the  lubricant  can  possibly  be  subjected  in  its 
use  in  practical  service. 

From  this  standpoint  let  us  consider  the  results  of  some 
attempts  to  measure  the  durability  of  oil  in  the  laboratory.  The 
esperietices  given  are  those  of  the  writer,  and  they  are  set  forth 
in  detail  to  an  extent  designed  to  contribute  in  what,  it  is  hoped, 
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•"iU  be  a  useful  way  to  the  inqiiiriea  and  beliefe  which  are  cur- 
-nt,  regarding  possibiliiiu^  in  the  way  of  practical  distinctions  of 
't>ricatiDg  value  by  such  forms  of  testing  machines  as  liave  thus 
y  "been  used  in  testing  hiboratories.  The  primary  idea  of  deter. 
**xing  durability  is,  naturally,  to  supply  a  measured  quantity  of 
tfcinonnt  to  certain  rubbing  sui-faces  and  determine  how  great  an 
**-oant  of  nibbing  the  lubricant  will  withstand  before  its  power 
Exhausted  of  maintaining  the  friction  at  some  minimum  agreed 
t*on.  As  a  means  of  measuring  the  friction  between  two  rub- 
^«ag  surfaces  there  ia  no  device  superior  to  what  is  known  as  the 
-linrBton  form  of  oil-tester,  which  consists  in  forcing  a  pair  of 
^■Jrasses  against  a  joamal  in  opposite  directions  by  a  spring,  the 
atter  being  lodged  in  a  pendiihim  free  to  swing  about  the  Journal 
under  the  influence  of  the  friction  produced  between  the  brasses 
and  the  latter,  the  amonut  of  the  friction  being  measured  by  the 
inclination  to  the  vertical  of  a  line  joining  the  centre  of  the  jour- 
nal and  the  centre  of  gravity  of  the  pendulum.  Suppose  one  of 
these  , oil-testing  machines  to  have  a  journal  about  IJ  inches 
square ;  then  an  amount  of  oil  forming  a  single  drop  let  fall  from 
the  sharp  point  of  a  steel  rod,  /g  of  an  inch  in  diameter,  sufBces  to 
cover  the  rubbing  surfaces,  so  that  with  the  latter  in  the  best  pos- 
sible condition  a  very  low  eoefBoieut  of  friction  can  be  obtained 
at  a  rubbing  speed  of  about  200  feet  per.minuto  and  a  pressure  of 
75  lbs,  per  square  inch  of  the  journal ;  and  at  the  same  time  there 
will  be  no  surplus  oil — that  is,  all  of  the  oil  will  be  practically 
subjected  to  rubbing  action.  If,  under  these  circumstances,  we 
run  the  journal  continuously  until  the  friction,  after  remaining 
practically  constant  for  considerable  time — half  an  honr  at  least — 
gradually  begins  to  increase  and  finally  becomes  double  the  origi- 
nal amount,  it  might  easily  be  supposed  that  the  number  of  revo- 
lutions to  aecompHsh  this  would  measure  the  durability  of  the 
lubricant  used  as  compared  to  another  tested  in  the  same  man- 
ner. This  was,  at  one  time,  so  far  the  belief  of  the  writer  that  the 
relative  value  of  oils  was  sought  by  such  a  test,  but  with  the  fol- 
lowini*  result:  The  amount  of  oil  applied  to  the  journal  was  accu- 
rately ganged  at  8  milligrammes.  The  journal  and  brasses — the 
former  of  tool  steel,  hardened,  and  the  latter  of  composition — 
were  reduced  to  such  a  condition  that  at  a  given  temperature  a 
certain  standard  lard  oil  always  produced  a  certain  amount  of 
friction,  and  a  trial  of  this  standard  lard  always  preceded  the 
trial  of  any  other  oils  whose  durabiUty  was  to  be  determined 
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relativelj  to  the  Inrd.  *  If  the  briction  with  tbe  ataudiird  lard  wsaI 
too  great,  the  cauae  of  it  waa  always  found  ascribable  to  incipi-J 
ent  rougheuiijg  of  the  surfaces,  and  tlie  latter  were  nui-sed  by  ' 
rubbing  with  an  oil-stone  uuder  a  magnifying  glaas  and  by  con- 
tinued running  with  an  nnlimited  amount  of  lubricant,  until  the 
standard  condition  wae  regained.  When  the  oil  waa  fresh  upon 
the  bearing  surfaces  it  waa  translucent  in  appearance  and  slippery 
to  the  touch.  After  about  10,000  revoliitioDS  the  friction  might 
have  increased  to  double  the  miBimum  amount,  as  described 
above,  but  the  appearance  of  the  oil  would  show  no  signs  of 
deterioration,  and  it  waa  found  that  the  cause  of  the  extra  fiiction 
waa  the  uneven  distribution  of  the  oil  over  the  rubbing  surfaces. 
There  being  no  continuous  supply,  the  oil  distributed  itself  more 
or  less  evenly  simply  by  chance,  and  a  small  filament  or  part  of 
the  rubbing  surfaces  could  be  seen  to  be  devoid  of  oil.  Accord- 
ingly the  oil  waa  redistributed  with  the  poiuted  end  of  a  match 
and  the  preasure  reapplied,  with  the  result  that  the  friction  at 
once  resumed  the  minimiun  value,  showing  that  the  oil  was  in  no 
sense  worn  out.  The  machine  would  therefore  be  run  on  until 
the  friction  again  doubled  itself,  when  another  esamiuHtion  might 
still  show  the  cause  to  be  irregular  distribution.  This  was  agaiij 
remedied  and  the  machine  continued  in  operation  under  the  same 
programme,  until  £nally,  after  several  redistributions  of   tbe  oil, 

*  A  qneation  often  aaked  is  wliether  meBsaremeiita  od  an  oil-testing  Diacliine 
on  be  niKde  to  duplicate  ihemHeWpa.  la  the  matter  of  friction  an  entirelv  i<Btls- 
factory  duplicKtion  of  action  ia  always  po^aiblo.  For  eianiple,  tlie  following  is  k 
Belies  of  fifteen  cnngccntive  testa  of  diff(>reDt  oIIb,  and  between  euch  pair  of  i«Et8- 
the  journal  of  tbe  oil-tester  was  tried  witb  tbe  standard  oil.  and  ^ave  rcsalts  M 
follows  : 


Teiry-eraloi 
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*ii«    latter  had  lost   its  translucent  appearance  and  oily  nature, 
^a-ving  become  a  dark-colored  paste.     The  frictioD  would  then 
'"^*iaae  to  decrease  by  redistribution.     The  total  number  o(  revo- 
**tioii8  might  be  12.000  to  accomplish  this  result  with  lard  oil 
^*>-  a  given  date,  and  the  same  uumber  of  revolutions  might  be 
**early  obtained  on  a  second  trial.     In  fact,  so  far  did   duphcate 
*^*ials  of  the  same  oil  apparently  give  the  same  revolutions  within 
^    small  per  cent.,  that,  as  stated   above,  the  relative  durability 
■Was  thought  to  have  been  determined  by  this  method  -with  refer- 
ence to  lard  oil.     But,  upon  a  more  extensive  trial  of  the  lard, 
SO,000  revolntions  were  required  to  reduce  it  to  the  gummy  state, 
and  again,  60,000  revolutions,  and  upon   one  occasion  400,000 
revolutions ;  and  in  between  these  figures  would  occur  records  of 
10,000,  7,000,  and  as  low  as  5,000  turns  of  the  machine,  which, 
with  no  variation  of  pressure,  temperature,  speed,  atmosphere, 
amount  of  oil  or  quality  of  the  latter,  were  the  apparent  measure 
of  the  durability  of  this  standard  oil,  as  measured  on  this  basis. 
■Evidently  some  cause  was  at  work  which  rendered  the  method 
valueless.     Such  cause  was  discovered  and  communicated  to  the 
writer  by  Dr.  Charles  B.  Dudley,  of  Altoona,  who  had  carried  out 
similar  investigations.     Upon  analyzing  the  black  paste  to  which 
the  lubricant  reduced  itself,  Dr.  Dudley  found  that  it  was  com- 
posed mainly  of  the  material  of  the  bearings  themselves,  showing 
thereby  that  the  limit  to  the  friction-producing  qualities  of  a  lul)ri- ' 
cant  tested  in  this  manner  was  the  rate  at  which  it  adulterated 
itself  with  the  metal  worn  off  the  bearings,  notwithstanding  that 
the  amount  of  the  latter  was  so  infinitesimal  that  years  of  opera- 
tion of  the  machine  would  not  detect  the  wear  by  any  finite  meas- 
urement of  the  dimensions  of  the  bearings.      The  rate  of   this 
metallic  wear  being  infinitely  variable,  it  is  evident  that  the  dura- 
bility of  oil  cannot  be  measured  by  restricting  our  measurement 
to  the  behavior  of  a  fixed  quantity  whose  amount  shall  be  so  small 
as  to  allow  of  no  surplus  oil  about  the  bearings;  or,  in  other 
words,  maintain  all  of  the  oil  under  rubbing  action  at  once.     The 
failure  of  the  method  is  attributable  also  to  the  fact  that  so  little 
oil  was  employed  compared  to  the  amount  of  rubbing  surface  that 
the  latter  could  not   remain   uniformly  covered.     It  is  natural, 
therefore,  to  inquire  whether  the  method  would  not  be  more  suc- 
cessful if  a  greater  amount  of  oil  could  be  used  permitting  a  slight 
surplus,  but  applied  upon  some  plan  which  would  enable  the  sur- 
plus to  be  employed  to  secure  regularity  in  the  distribution  of  the 
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I 

^^^H   oil  over  the  rabbing  surfaces.     Sucli  a  plan  iias  been  tried  by  the  I 
^^^^   writer  oii  a,  larger  size  of  Tliiii'stoD  testing  macliiiie  having  a  joni^ 
I  nal   about    four   inches  diameter  and   seven   inches   long,  with 

I  brasses  of  the  same  proportions  as  used  in  railroad  car  service, 

fc  except  that  the  arc  of  contact  was  reduced  so  that  the  total  bear- 

^^^L  g  ing  area  of  two  brasses  was  about  . 

^^^^1  I  seventeen  square  inches.    The  jour-  1 

^^^r  11  nal  was  of  wrought  iron  reduced  to  ] 

such  a  condition  that  with  standard 
lard  oil  under  350  pounds  per  square 
inch  pressure,  and  about  250  revo- 
lutions per  minute,  a  coefficient  of 
friction   of   four-tenths  of   one  per 
cent,   could    be    maiutained.      Oil 
was  fed  to  the  journal  through   two 
oil  cups  fastened  into  holes  in  the 
upper   brass,   as   shown    at  LL  in 
Fig.  214,    which   shows  a  longitu- 
dinal  section  of   the    testing  jour- 
nal.   After  cleaning    the    bearing 
surfaces,    10    minims   of   oil   were 
-meared  upon  them,  and  the  pen- 
dulum   hung  in    place.      Twenty- 
five  minims  of  oil  were  then  evenly 
distributed    between    the    two   oil 
cups,  while  about  100  lbs.  pressure 
was   upon   the    bearings    aud    the 
machine   in    motion.      The    press- 
ure was  then  gradually  increased  to  350  lbs.,  and  the  machine 
run  until   the   minimum   friction   doubled   itself.     Before   relat- 
ing the  results  we  will  consider  the   difference  in   the  amount 
of  oil  applied  compared  to  that  used  in  the  eight-milligram  lest, 
with  the  journal  about  one  and  one-half  inches  diameter.  For  the 
latter  conditions  each  10,000   revolutions   causes   a  number  of 
square  inches  of  surface  to  be  rubbed  over  which  correspond  to 
the  use  of  one  milligram  of  oil  for  each  7,000  square  inches.     In 
the  case  of  the  larger  journal  36  minims  of  oil   correspond   to 
the  use  of  one  milligram  to  each  2,000  square  inches  of  surface 
rubbed   over,   if   the   35   minims   should   pei-mit  10,000   revolu- 
tions before  the  friction  was  doubled.     Consequently,  a  consid- 
erable sui-plus  of  oil  would  be  present  in  the  case  of  the  large 
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,  proTideil  it  could  be  prevented  from  waeticg.    To  pre- 

.cli   waste   was,  however,  a   matter   of 

rady.    The  25  minims  placed  in  the 

(  filled  the  lower  portions  of  tlie  latter  ; 

tpth  of  about  one  inch  Kud  flowed  out  < 

adually,  but  still  with  sufficient  abun- 

:o  cause  lai^e  drops  of  oil  to  roll  off  of 

iug  side  of  the  journal  as  they  ap- 

)d  the  edge   of  the  upper   brass.     Oil 

g  to  this  edge  of  the  brass  was  carried  [■„  216 

illary  action,  and  tbe  slight   irritation 

]p[>er  brass  in  its  framework,  up  the  vertical  sides  of  the 

and  gradually  the  entire  interior  of  the  fraraewmk  enclos- 
brasses  was  covered  with  the  surplus  oil      To  overcome 

egularity  the  upper  brass  was  cut  to  the  form  shonn  in 
Fig.  215,  80  that  oil  which  was  carried 
upward  by  the  journal  to  the  edge 
of  the  brass,  a,  could  not  climb  along 
the  bevelled  surface,  a  l,  but  dropped 
off  of  the  upper  brass  to  the  lower 
brass.  A  flexible  metal  guide,  0  d, 
was  fastened  to  the  lower  brass  (Figs. 
215  and  216),  so  that  the  oil  thus  drop- 
ping from  the  upper  brass  was  pre- 
vented from  striking  the  sides  of  the 
framework,  but  was  instead  caused  to 
fall  against  the  journal  and  be  repeat- 
eJly  drawn  upward,  thus  assisting  to 
maintain  in  a  uniform  condition  the 
film  of  oil  on  the  journal.  The  brasses 
were  one  incli  shorter  than  the  jour- 
nal, so  that  a  liberal  amount  of  lateral 
motion  *  could  be  given  to  the  pendu- 
him.  The  edges  of  the  brasses  were 
eliamfered,  so  that  the  result  of  the 
lateral  movement  was  to  accumulate  a 
band  of  oil  around  each  end  of  the 
journal   distant   from  the  latter  equal 

radius  of  tlie  fillet.     Tliis  band  of  oil  absorbed  a  consider- 

O|)ortion  of  the  total  35  minims  during  the  early  stages  of 

i-nevcr  iliis  iaiiTiil  nioiioii  was  stoiiped  the  friction  rftpidly  iocTewed. 
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a  test,  but  did  not  seem  to  consume  oil  or  withdraw  it  from  action 
between  the  surfaces  after  such  time.  To  all  appearances  the 
journal  was  in  a  uniform  condition  of  lubrication,  the  friction 
remaioing  perfectly  constant  for  several  hours,  and  the  tempera- 
ture remaining,  with  all  oils  of  about  the  fluidity  of  lard,  within 
5°  of  130°  Fahr.  Yet  iti  spite  of  every  precaution  suGcessive  re( 
ord=  of  lard  oil  were  as  follows : 

July  9 Sa.OOO 

'■  10 67.800 

"  18 58,000 

•■  15 39,000 

and  of  a  pure  mineral  oil  of  about  the  same  fluidity  ae  lard 

Jiiiy  10 80.000  «T8. 

SecM)nd  lest S8.000     ■' 

Third      ■■     27.000     - 

The  last  three  results  were  well  calculated  to  lure  an  experimenter 
into  the  belief  that  the  method  gave  duplicate  results,  but  on  con- 
tinuing the  test  of  the  same  oil  on  July  15,  the  record  of  one  test 
was  10,600  revolutions,  and  of  a  second  test  64,000  revolutions 
with  the  friction,  and  temperature,  and  speed  as  identical  as  it  is 
possible  to  have  them.  It  was  evident,  therefore,  that  irregularity 
of  conditions  existed  of  a  nature  beyond  the  reach  of  any  availa- 
ble means  of  control,  and  so  far  as  is  known  to  the  writer  there 
is  no  method  of  employing  so  little  oil  on  a  journal  as  to  prevent 
its  escape  from  the  latter  and  determining  anything  representative 
of  the  quality  of  durability.  The  clever  device  adopted  in  the 
Pennsylvania  laboratory,  at  Altoona,  of  saturating  a  strip  of  felt 
laid  in  a  cavity  in  the  lower  brass  with  the  oil  to  be  tested, 
is  another  method  of  making  a  fixed  quantity  of  oil  be  wholly 
devoted  to  the  lubrication  of  the  bearing  surfaces,  the  slight 
tendency  of  the  oil  to  escape  being  checked  by  sucking  up  the 
waste  oil  with  a  pipette  and  continuously  restoring  it  to  the  jour- 
nal. No  attempt  is  made,  however,  to  determine  any  quality 
of  the  lubricants  tested  other  than  their  coefficient  of  friction. 
The  rates  at  which  oils  are  supplied  to  practical  bearings  are, 
however,  greatly  in  excess  of  the  amount  applied  in  the  above 
testa.  Taking  the  average  revolutions  which  caused  the  fric- 
tion to  double  at  3ii,000,  the  35  minims  supply  to  a  journal  four 
inche-s  diameter  and  six  inches  long  amounts  to  one  seven-hun- 
dredth of  a  milligram  per  square  inch  of  surface  nibbed  over.  A 
very  economical  case  of  practical  oil  consumption  is  when  n  loco- 
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lotive  main  crank-pin  consumes  about  six  cubic  inches  of  oil  in 
'  thoDsand  miles  of  service.  This  is  equivalent  to  a  consnmption 
'f  one  millif^am  to  seventy  square  inches  of  surface  rubbed  over, 
>*■  ten  times  as  great  an  amount  as  that  used  on  the  testing 
Daohine.  If,  therefore,  the  latter  amount  provided  a  surplus 
ogniring  special  provision  to  prevent  escape  of  oil  from  the  bear- 
'Bs,  what  mtist  become  of  the  surplus  present  on  the  locomotive 
"ank-piu  and  other  bearings  using  oil  with  the  same  economy,  of 
hich  there  are  numerous  examples  in  every  class  of  machinery  ? 
idoabtedly  it  must  continuonsly  escape  from  the  journal.  The 
^  Xaiuims  of  oil,  nsed  in  the  test  described,  was  so  little  con- 
m»inated  by  the  absorption  of  metallic  wear  under  30,000  revo- 
^tiona  that  the  fluidity  was  not  greatly  reduced.  Consequently, 
^tli  ten  times  as  great  an  amount  of  oil  to  absorb  the  metallic 
Articles,  the  oil  leaving  the  locomotive  crank-pin  is  but  little 
hanged  in  flnidity,  and  flows  from  between  the  surfaces  with 
■factically  the  same  freedom  as  when  in  a  fresh  condition.  It 
ollows,  therefore,  that  the  economy  of  one  oil  over  another,  so  far 
w  the  quantity  used  ia  concerned — that  is,  so  far  as  durability 
8  concerned — is  simply  proportional  to  the  rate  at  which  it 
tan  insinuate  itself  into  and  flow  out  of  minute  orificea  or 
Tacks.  Oils  will  diiTer  in  their  ability  to  do  this,  first,  in  pro- 
lortioii  to  their  viscosity,  and,  second,  in  proportion  to  the  capil- 
ary  properties  which  they  may  possess  by  virtue  of  the  particnlar 
ugredients  used  in  their  composition.  Where  the  thickness  of 
ilm  between  rubbiug  surfaces  must  be  so  great  that  large  amounts 
if  oil  pass  through  bearings  in  a  given  time,  and  the  surround- 
ngs  are  such  as  to  permit  oil  to  be  fed  at  high  temperatures  or 
ipplied  by  a  method  not  requiring  a  perfect  fluidity,  it  is  proba- 
ble that  the  least  amount  of  oil  will  be  used  when  the  viscosity 
s  as  great  as  in  the  petroleum  cylinder  stocks.  This  was  pointed 
3ut  by  tlie  writer  in  a  former  paper  presented  to  the  Society  in 
jonnection  with  a  description  of  various  viscoslmeters.  When, 
lowever,  the  oil  must  flow  freely  at  ordinary  temperatures  and 
;he  feeil  of  oil  is  restricted,  as  in  the  case  of  crank-pin  bearings, 
t  is  not  practicable  to  feed  such  heavy  oils  in  a  satisfactory  man- 
ler.  Oils  of  less  viscosity  or  of  a  fluidity  approximating  to  lard 
111  must  then  be  used,  and  the  differences  among  such  oils,  with 
espect  to  the  quality  of  entering  and  leaving  the  spaces  between 
he  beiiring  surfaces,  may  readily  be  imagined  to  depend  in  a  con- 
liderable  degree  upon  differences  of  capillary  property  arising 
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from  choice  of  isgredienta  foriuiiig  any  particular  mixtnre.  Wrf 
are  led,  therefore,  to  conclude  that  a  test  of  durability  must  be  a'4 
test  of  the  rate  at  which  two  oils  fed  to  the  same  journal,  by  the 
same  device,  and  under  the  same  circumatancea,  permit  them- 
Gelves  to  Sow  between  the  betiring  surfaces  aud  out  of,  and  off 
of,  the  bearings,  and  that  oil  may  differ  in  this  respect  with  every 
variation  of  ingredient  and  viscosity.  As  necessarily  there  will 
be  surplds  oil  which  will  escape  from  the  reservoir  and  do  no 
lubricating  service  before  being  led  off  of  the  bearings,  it  follows 
that  every  particular  condition  of  bearings  will  affect  the  amount 
of  oil  consumed,  and  hence  our  oil-testing  machine,  to  determine 
durability,  must  be  the  very  machine  upon  which  the  oil  is  used 
or  a  copy  of  the  same. 

To  illustrate  what  would  happen  if  this  idea  of  testing  durabil- 
ity was  canied  out  with  the  large-sized  Thurston  testing  machine 
referred  to  above,  experiments  were  made  feeding  oil  to  tlie  two 
oil  oups  in  50  minim  doses  uuder  the  same  conditions  as  described 
above,  except  that  the  brasses  were  exactly  like  railroad  car 
brasses,  no  provision  being  made  to  prevent  the  oil  escaping  in 
whatever  direction  it  chose  to  flow.  The  machine  was  run  until 
the  friction  began  to  increase  above  a  minimum,  and  then  another 
dose  of  45  minima  of  oil  was  added  to  the  cups  without  stopping 
or  disturbing  the  machine.  The  oil  was  so  regularly  led  away  by 
the  various  escaping  surfaces  formed  by  the  brasses,  that  in  a 
series  of  about  a  dozen  trials  of  lard  oil  versus  sperm  oil  the  latter 
averaged  11,000  revoluliona  in  doubhng  the  friction,  and  the  lard 
9,000  revolutions,  with  a  variation  of  only  about  20,*  from  these 
figures  in  the  various  separate  trials.  But  upon  changing  the 
brasses  to  another  pendulum-head  or  framework,  in  which  they 
fitted  to  all  appearances  with  precisely  the  same  degree  of  accu- 
racy, a  series  of  trials  with  lard  oil  averaged  14,000  revolutions  to 
consume  50  minima.  The  slight  difference  in  the  fitting  of  the 
brasses  in  the  pendulum-head  by  altering  the  effect  of  the  various 
escaping  surfaces  increased  the  time  necessary  for  the  oil  to 
escape.  It  seems  hardly  possible,  therefore,  that  the  quality  of 
durability  in  lubricants  can  be  measured,  except  by  copying  in  a 
very  perfect  manner  the  exact  conditions  of  arrangement,  propor- 
tion and  method  of  feeding  which  are  to  be  used  where  the  lubri- 
cant is  to  be  applied  ;  and  even  when  this  precaution  is  taken,  the 
fact  that  in  some  kinds  of  service  the  limit  to  the  consumption  of 
oil  depends  upon  the  extent  to  which  dust  or  other  refuse  becomes 
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lixed  with  it,  SB  in  raiIroad-c.ir  lubrication  and  in  the  case  of 
griciiltnral  maGhinery,  makes  it  almost  bopelcB3  to  expect  that 
aborfttory  tests  can  contribute  very  much  of  priicticai  value  in  the 
ieterniination  of  relative  durability  of  lubricants. 

That  machines  may  be  devised  for  the  laboratory,  liowever,  and 
are,  in  fact,  in  use  to-day  in  some  of  tiie  latter,  which  will  con- 
tribute much  valuable  knowledge  to  many  questions  of  lubrica- 
^on,  through  measurements  of  friction  and  metallic  wear,  is  not  to 
he  denied,  but  the  discussion  of  this  part  of  the  subject  is  not 
Uibeuded  to  be  included  in  the  scope  of  this  paper. 

DISCUSSION. 

Mr,  T.  a.  Almond. — 1  would  like  to  relate  something  wliich 
has  come  under  my  observation  in  connection  with  tins  subject. 
If  the  lubricant  be  enclosed  in  a  ease  so  tliat  none  of  it  can  escape, 
and  there  be  a  perfect  cirenlation  of  the  lubricant  ninnini;  all  over 
the  bearings,  and  the  lubricant  be  used  for  a  lengthened  period — 
one  year,  if  you  like — and  the  amount  of  work  wliich  is  being 
done  be  considerable,  the  lubricant,  instead  of  being  inferior  in 
quality  as  a  labricant  at  the  end  of  that  period  of  time,  wilt  pro^-e 
to  be  superior  in  quality.  An  ilhistration  of  this  eanie  to  my 
notice  in  s  machine  which  I  have  had  in  use  in  my  shop.  We  put  a 
pint  and  a  half  of  oil  in  the  inndnne,  and  at  the  end  of  a  yenr  we 
took  the  oil  out  and  replaced  it  with  a  pint  and  a  half  of  the  same 
oil  as  previously  used.  It  came  out  of  the  same  can.  Upon  starting 
the  machine  we  found  that  it  heated  up,  I  shonld  think  from  10°  to 
15°,  and  continued  to  do  so  during  a  period  of  three  or  four  weeks. 
After  that  it  began  to  cool  down  to  the  same  condition  in  wliich 
it  was  previous  to  our  taking  out  the  old  oil,  which  had  been  used 
for  twelve  months.  The  kind  of  oil  used  was  that  called  electric 
machine  oil,  made  by  the  Vacuum  Oil  Company,  of  Rochester. 
The  fact  was  well  observed  and  beyond  dispute. 

Mr.  11.  A.  Porter  field. —\  cannot  let  this  opportunity  pass  with- 
out saying  a  few  words  about  the  importance  of  two  new  views 
presented  in  this  paper.  Those  two  new  views  are  the  escape  of 
lubricants  and  the  eflect  of  such  escape  on  the  endurance  of  them, 
and  the  effect  on  the  endurance  of  a  mixture  of  tlie  lubricants 
with  parts  of  the  bearings  themselves  or  with  outside  dust. 

A  series  of  tests  of  oils  on  a  Thurston  oil-testing  machine  at 
Cambfiii  Iron  Works,  made  to  determine  coefficients  of  friction 


1024     ON  THE  MEASUREMENT  OF  DUBABILITT  OF  LUBBICANT8. 

only,  led  me  to  think  that  the  machine  is  valnable  only  for  det.^ 
minations  of  friction  coefficients,  and  not  for  endnranee  tests. 

The  statements  by  the  writer  that  endurance  tests  are  atfe^fg^ 
by  the  escape  of  the  lubricant  from  the  bearing,  and  also  by  ftg 
mixing  with  particles  of  matter  from  the  bearing  itself  or  from 
outside  sources,  are  particularly  interesting  to  large  plants,  such  as 
iron  and  steel  works,  where  it  is  impossible  to  use  the  best  grade 
of  oil  for  each  purpose,  but  where  one  or  two  oils  only  can  be 
handled  to  answer  many  requirements. 

In  practice  there  are  many  bearings  where  an  oil  does  not  get  a 
chance  to  show  its  enduring  qualities,  and  on  such  bearings  it  is 
often  economical  to  use  a  low-priced  oil  of  less  enduring  qnalities 
than  the  high-priced.     This  fact  is  worthy  of  consideration  in  the 
adoption  by  a  large  plant  of  an  oil  to  be  used  for  different  porposes. 

I  recently  saw  an  engine  running  in  a  place  where  there  was  a 
great  deal  of  dust  of  the  natui*e  of  iron.  The  oil  used  on  the  beu^ 
ings  was  of  high  viscosity,  and  has  the  reputation  of  being  one  of  the 
best  and  highest-priced  mineral  oils  in  the  market.  On  substitnt- 
ing  a  second  oil  of  one-third  the  viscosity  and  half  the  price  of  the 
first,  an  oil  which,  I  think,  if  it  could  be  got  at  properly,  wonU 
have  less  enduring  qualities  than  the  first  oil,  the  engine  ran  cooler 
on  a  little  less  quantity  of  the  second  oil  than  of  the  first.  This 
may  be  due  to  the  fact  that  the  less-viscous  oil  mixed  differentl; 
with  the  dirty  matter  and  carried  more  ot  it  off  the  bearings. 

Mr,  Jno,  T.  Hawkins, — We  have  recently  had  examples  of  the 
use  of  lubricants  under  somewhat  different  conditions  from  those 
which  obtained  when  the  Thurston  oil-testing  machines  were  Id- 
troduced  and  the  tests  made  upon  them.  In  such  machines,  for 
instance,  as  the  Westinghouse  engine  and  similar  machines.  I 
notice  in  the  paper  that  under  the  Thurston  tests,  when  the  lubri- 
cant becomes  discolored  the  friction  becomes  greater,  and  from 
that  time  on  it  possesses  diminishing  value  as  a  lubricant. 

In  the  Tluirston  machine  the  tests  consist  in  some  cases  in  what 
may  1)e  called  a  wearing  out  of  a  small,  definite,  measured  qnantitj 
of  the  lubricant,  the  result  being  observed  until  it  practically 
disappears. 

In  such  machines  as  the  Westinghouse  engine,  and  indeed  in 
the  case  of  many  other  large  journals,  such  as  ear-axle  boxes  and 
journals,  the  supply  of  lubricant  is  practically  unlimited,  and  in 
the  former  case  it  is  so  confined  to  its  reservoir  that  the  whole 
bulk  probably  suffers  some  such  deterioration  as  that  indicated  in 
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le  paper  as  becoming  discolored,  but  is  not  sabject  to  the  eon- 
itioDs  imposed  by  the  Tiiiiraton  tests,  which  I  have  called 
Wearing  ont,"  or  at  least  it  cannot  disappear,  it  would  eeetn, 

lOder  conditions  exactly  simikr  to  its  disappeiiranue  in  tiie  Thnrs- 

on  machine. 

I  would  like  to  aeh  if  any  member  has  had  experience  in  a 
'**s  such  aa  the  Wostinghonse  engine  which  would  enable  on  to 
sterniine  whether  or  not  the  unlimited  supply  affects  the  question 
f  deterioration  in  the  lubricant  and  its  disappearance ;  whether  or 
■*t  an  equal  quantity  ia  worn  out  or  consumed  nnder  anch  condi- 
OQa  of  unlimited  supply  without  esciipe,  as  would  be  in  the  case 
Qere  only  the  quantity  necessary  to  the  best  degree  of  lubrication 
'  Supplied  to  the  bearings  as  fast  as  it  disappears  or  is  worn  out, 
*id  whether  the  whole  bulk  of  oil  in  the  reservoir  of  a  Westing- 
'OOfle  engine  requires  to  be  renewed  at  certain  intervals,  or 
tierely  added  to  from  time  to  time. 

Mr.  F.  A.  Scheffier.—T  chu  only  say  tliis  much,  that  many  of 
these  engines  of  various  sizes  are  run  a  long  while  without  any 
additional  oil  being  placed  in  the  crank-case.  The  principal  rea- 
son, I  presnme,  why  the  oil  has  to  be  renewed  is  not  that  it  loses 
its  labncating  qualities,  but  simply  because  the  oil  gradually  rises 
,ip  and  will  overflow,  owing  xo  an  increased  quantity  of  water  in 
he  case  from  condensed  steam,  which  leaks  over  sometimes  into 
:he  crank-case.  This  action  will  raise  the  oil  up  after  a  long  run, 
tnd  the  oil  will  have  to  be  renewed  in  about  six  months  or  so, 

Mr.  C  S.  Dtttion. — Tiie  oil  supply  in  the  practical  operation  of 
he  Westinghouse  engine  is  kept  up  pretty  regularly.  A  special 
)il  made  for  that  purpose,  to  stand  a  high  degree  of  heat,  is  fed  into 
he  bearings — a  sort  of  sight-feed  arrangement  usually — and  it 
eeds  itself  into  the  inside  of  the  crank-case.  The  constant  agita- 
ion  mixes  it  up  very  thoroughly  with  the  water,  and  the  constant 
eakage  of  condensed  steam  into  the  crank-case  causes  an  overflow, 
.nd  it  takes  the  oil  ont  with  it  to  a  certJiin  extent,  so  that  the 
.upply  has  to  be  constantly  kept  up.  But  it  is  also  true  tliat  in  very 
nany  cases  they  catch  the  oil  at  the  overflow  and  put  it  back  and 
ise  it  overto  a  considerable  extent.  I  do  not  know  so  much  abont 
hat.  I  have  not  been  connected  with  Westinghouse  engines  for 
he  last  four  or  five  year*,  but  that  is  the  practical  operation  of 
t.  What  the  efi'ect  on  the  oil  eventually  is  I  could  not  say  There 
3  a  certain  amount  of  it  which  goes  to  waste,  so  that  some  addi- 
ional  oil  has  to  be  added  all  the  time. 
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Mr.  Porterfidd. — I  have  seen  a  Westinghouse  engine  in  which 
about  75^  of  the  oil  which  escaped  was  allowed  to  settle  ont  in  the 
purifier,  as  it  is  called,  and  that  oil  did  not  seem  to  be  changed  to 
any  extent  from  the  original  oil.  It  was  perfectly  good  and  conld 
be  put  right  I  ack  into  the  crank-case. 

Mr,  Almond. — Perhaps  I  have  not  given  a  fair  description  of  the 
apparatus  of  which  I  was  speaking.     I  wish  to  say  that  there  are 
11  bearings  of  steel  and  cast-iron  in  the  machine ;  that  I  put  in    a 
pint  and  a  half  of  vacuum  electric  machine  oil ;  that  it  ran  for  13 
months  at  the  rate  of  140  revolutions  a  minute;  that  the  madiine 
was  transmitting  between  4  and  5  H.P.  for  12  months;  that  at 
the  end  of  that  time  one  pint  of  oil  was  taken  out,  being  all  the  oil 
which  could  be  drained  out  of  it.     Therefora  one-half  pint  was  the 
amount  consumed.     The  point  to  which  I  particularly  wish  to  call 
the  members'  attention  is  that  the  machine  ran  warm  after  the  new 
oil  was  placed  in  it — seeming  to  prove  that  the  old  oil,  when  it  had 
been  used  and  had  been  distributed  at  that  rate  of  speed,  say  140 
revolutions  per  minute  through  a  period  of  12  months,  had  irn* 
proved  in  lubricating  quality  instead  of  being  injured.     That,  pe^ 
haps,  is  a  little  more  clear  than  as  I  mentioned  it  before.    I  tliink 
that  is  the  point  really  that  the  paper  wishes  to  come  at — aa  to 
whether  the  lubricating  quality  of  the  oil  is  injured  by  use. 

Prof.  e/.  B  Webb, — Mr.  Almond  has  not  stated  where  he  thinks 
the  half-pint  of  oil  went  to.  It  is  possible  that  it  evaporated,  bo 
that  he  had  the  good  qualities  of  a  pint  and  a  half  in  a  pint,  and  for 
that  reason  it  operated  better. 

Mr,  Geo,  S.  Strong, — I  should  like  to  mention  a  caae  in  which  I 
have  known  of  similar  lubrication.  As  a  great  many  know,  the 
old-fashioned  river  steam-boat  engines  carry  a  very  high  preaaure, 
about  175  lbs.  to  180  lbs.,  and  the  oil  or  lubricant  which  was  for« 
merly  used  in  these  engines  was  tallow.  The  very  high  tempera- 
ture was  necessarily  very  much  against  the  use  of  such  a  lubricant, 
and  a  great  many  of  the  old  steam-boat  engineers,  in  breaking  in  a 
new  enojine,  used  beeswax  and  plumbago  a  certain  length  of  time 
until  the  cylinder  was  thoroughly  polished,  and  after  that  would 
use  no  lubricant  whatever,  excepting  the  lubricant  which  was  fur- 
nished by  the  water  of  condensation.  I  know  of  an  engine  which 
was  driven  for  nearly  10  years  and  never  had  a  drop  of  oil  put 
into  the  cylinder,  either  for  valves  or  cylinder,  and  they  never  had 
any  trouble  with  it.  The  cylinder  was  polished  as  nicely  as  a  look- 
ing-glass inside.     There  were  no  scratches  or  indications  of  wear 
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'er,  eliowing  that  plumbago  and  beeswax  bad  Iba  effect  of 
f  a  pobab  on  tbere  wiiich  was  very  much  harder  than  the  cast- 
lelf,  and  wbioh  made  it  iinneeeasary  to  labriuate  those  cyiin- 
ter  tliey  had  that  polish.  I  think  that  is  so  to  a  very  large 
in  locomotive  practice  today.  After  a  cylinder  has  that 
tbc  question  of  lubrication  is  not  ro  important  as  the  neccE- 
r  getting  that  polish  in  breaking  in  a  new  engine.  So  that 
.king  in  new  engines  now  I  always  recommend  for  the  iirst 
that  a  great  deal  of  plumbago  and  beeswax  be  used  as  s 
ir  lubricant  until  that  polish  ia  obtained,  and  then  the  quee- 
cyiinder  lubrication  is  not  of  bo  much  importance. 
'.  J.  E.  Denton* — The  endurance  teats  cited  in  the  paper  do 
ply  to  the  Journals  of  a  Thurston  oil-tester  alone,  as  Mr. 
ns  intimates.  The  conclusions  are  trne  for  continuous  rub- 
>etween  any  two  bearing  surfaces  with  no  renewal  of  oil 
'.  The  various  instances  mentioned  by  speakers  of  the  lubri- 
Taliie  of  oil  after  continued  service  are  all  cases  where  tJie 
.nt  is  never  so  far  contaminated  with  foreign  matter  as  to 
7  its  fiuiditj'  or  reduce  it  to  a  pasty  condition,  as  was  the  ease 
experiments  described  with  the  small  Thurston  machine. 
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CCCCV. 

THE  EFFECTIVE  AREA    OF  SCREWS. 

Br  D.  8.  JACOBUd,  HOBOKBHt  N.  J. 

(Member  of  the  Society.) 

The  following  examples  of  measiiremeixts  recentlj  made  of  ^fcie 
performance  of  screws  are  regarded  as  valaable  instances  of  the 
verification  of  the  statement  made  in  Bankine's  Shipbuildtfig, 
p.  89,  to  wit :  "  The  effective  area  is  the  sectional  area  alreadj 
mentioned  of  the  stream  of  water  laid  hold  of  by  the  propeller, 
and  is  generally,  if  not  always,  greater  than  the  actual  area,  in  a 
ratio  which,  in  good,  ordinary  examples,  is  1.2  or  thereabouts, 
and  is  sometimes  as  high  as  1.4,  a  fact  probably  due  to  the  stiff- 
ness of  the  water,  which  communicates  motion  laterally  amonfpt 
its  particles." 

The  first  instance  is  the  case  of  a  tug-boat  upon  which  two 
screws  were  tried.  These  two  screws  were  especially  adapted 
for  verifying  the  above  theory,  their  actual  disk  area  being 
the  same,  but  their  effective  area  greatly  different.  In  one  of 
the  screws  the  blades  were  bent  backward  and  had  a  form  whicli 
tended  to  throw  the  water  together  after  it  was  acted  on,  thus 
diminishing  the  effective  area ;  the  pther  was  of  the  ordinary 
form,  in  which  the  centre  lines  of  the  blades  are  at  right  angles 
to  the  shaft,  and  in  which  the  effective  area  is  considerably 
greater  than  the  actual. 

In  addition  to  these  two  tests  the  results  obtained  by  Pro- 
fessor Denton  in  his  trials  of  the  ferry-boat  Bergen  will  \^ 
made  use  of,  as  well  as  those  of  fair  reliability  obtained  on  ^Stm^ 
steamer  Homer  RamsdelL 

The  ratio  of  the  effective  to  the  actual  disk  area  of  the  scre^^ 
was  found  to  be  as  follows  : 


Tug-boat,  with  ordinary  true-pitch  screw 1 .48 

*'  "    screw  having  blades  projecting  backward 57 

Ferry-boat  Bergen,  with  or-  jat  speed  of  12.09  stat.  miles  per  hour.  1.58 

dinary  true-pitch  screw      (      "         "     18.4     "  "  "  1.48 

Steamer  Homer  Eamsdell,  with  ordinary  tme-pitch  screw 1.30 
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ttremely  low  ratio  for  the  screw  witli  the  blades  project- 
ward  is  probal)ly  not  altogether  due  to  the  action  of  the 
1  throwiog  the  water  together,  because  the  loss  produced 
:  ia  taken  the  aarae  as  for  the  ordinary  screw,  whereas  it 
bly  greater,  on  account  of  the  fact  that  the  blades  were 
licker  than  in  the  screw  that  it  replaced.  lu  addition 
the  area  of  each  of  the  blades  was  about  25^^  smaller 
the  other  screw.  All  we  can  say  in  this  case  is,  that  a 
tion  of  screw  which  tends  to  diminish  the  effective  area 
rease  the  slip.  In  our  present  state  of  knowledge,  we 
iredict  exactly  how  much  of  the  indicated  horse  power  is 

at  the  wheel. 

limating  tlie  thrust  of  the  screw  tlie  effective  horse- 
I  taken  as  equal  to  the  indicated  divided  by  1,63,  which 
as  shown  by  Professor  Eankiue  to  be  correct  for  the 
■  class  of  screw  steamers.  Although  in  some  recent 
ants  this  figure  is  fonnd  to  be  nearer  2  than  l.(>3,  those 

a  late  date  on  American  ships  have  given  figures  about 
3  as  that  given  by  Professor  Eankine. 
imensions  of  the  wheels  and  data  from  which  the  above 
■re  derived  are : 


if  wheel  in  feet 

Iieel  ID  feet 

f  the  iKiat   tlimugU  the  wi 

f  Blip  ill  statute  luilea  per  h 

:«teii  liiirKe-iiower 

effective  horsn-power  .... 


Tuo- 

Boat, 

8 

ft.n 

8.5 

13.0 
11.77 

14.0 
11.32 

13.00 

13.4(1 

2.15 

3,fl> 

I  7! 

4.5 

483.4 

B84.7 

343.6 

33B.B 

■>67.1 

420.1 

210,2 

■m.i 

4 

4 


articular  figures  employed  in  the  case  of  the  ferry-boat 
.re  those  for  a  single  screw  astern,  and  are  an  average  of 
;s,  made  from  11.55  a.m.  to  1.15  p.m.,  September  28,  1889, 
^o  tests  made  later  on  the  same  day, 
lethoda  employed  in  obtaining  the  data  given  above  for 
boat  screws  were  very  thorough,  and  involve  a  method 
latiug  the  velocity  of  the  tides  which  appears  to  be  as 
making  observations  at  the  two  ends  of  the  course  by 
f  floats,  and  in  addition  does  not  involve  the  extra  labor 
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required  if  the  latter  method  is  employed.     The  tests  were  co: 
ducted  in  the  following  manner : 

A  course  was  selected  on  the  Hudson  Biver  parallel  to  i 
bank.  The  ends  of  this  course  were  taken  at  the  points  at  whi 
it  crossed  the  centre  lines  of  two  streets  of  New  York  city  whv 
ran  at  right  angles  to  the  bank  of  the  river.  It  was  very  e 
to  determine  the  exact  time  of  crossing  the  cestre  lines  of 
two  streets  selected,  for  they  approached  the  river  on  a  gra^^i 
which  made  it  possible  to  sight  along  them  for  a  considerate  j^ 
distance. 

The  boat  was  first  brought  up  to  its  proper  speed  outside     c/ 
the  limits  of  the  course,  and,  at  the  moment  of  crossing  the  oexi- 
tre  line  of  the  first  street,  the  time  was  recorded,  together  itith 
the  reading  of  the  log.     Two  persons  kept  an  independent  tally 
of  the  time  reading  to  the  nearest  second.    A  third  party  read 
the  log,  and  others  took  indicator  cards.     The  speed  was  deter- 
mined by  a  box  counter,  and  by  counting  the  total  number  of 
revolutions  made  during  the  runs. 

Six  runs,  three  in  each  direction,  were  made  with  each  wheel, 
the  separate  results  of  which  are  given  in  Tables  I.  and  IL 

The  method  of  estimating  the  tides  consisted  in  laying  off  a 
curve  of  the  velocities  of  the  boat  with  reference  to  the  shore 
for  a  given  speed  of  the  boat  through  the  water,  as  shown  in 
Figs.  217  and  218.    Two  curves  are  made,  one  for  the  runs  going 
in  one  direction,  and  one  for  those  going  in  the  opposite  direc- 
tion.   The  ordinates  of  these  curves  represent  the  velocities,  and 
the  absciss8B  the  time  of  day  at  the  middle  portion  of  the  nia. 
One-half  of  the  difference  between  the  ordinates  of  the  twa 
curves  corresponding  to  a  given  time  will  represent  the  velocity 
of  the  tide  at  that  time. 

There  is  a  slight  error  involved  in  taking  the  average  of  th^^ 
velocities  of  the  tide  during  each  run,  but  this  for  a  short  coura^^ 
is  much  less  than  the  errors  of  observation  of  time,  etc. 

In  order  to  determine  the  velocity  with  reference  to  the  shor^^ 
for  a  given  speed  of  the  boat  through  the  water,  it  is  necessarj^ 
to  run  at  as  nearly  a  uniform  speed  as  possible  during  the  tests^ 
and  to  correct  for  any  slight  variations  which  may  occur.  T(^ 
make  the  small  correction,  assume,  as  a  first  approximation,  tha^ 
the  velocity  of  the  boat  with  reference  to  the  shore,  for  the 
in  question,  is  proportional  to  the  number  of  revolutions 
by  the  screw,  and  determine  the  tides  in  the  manner  just  d»^ 
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'cribed.  As  a  second  approsimation,  make  use  of  the  tides 
'^termined  bj  the  first  approsimation  in  determining  the  oor- 
^  ction  which  has  to  be  made  in  the  velocity  with  reference  to 
V».e  shore.  Ordinarily  the  first  approximation  is  all  which  it  is 
*-^cessary  to  make. 

The  tests  of  both  wheels  were  taken  at  a  time  during  which 
*Tie  tide  chaugeil,  which,  ordinarily,  is  the  most  unfavorable 
period  that  can  be  selected,  if  exact  observationa  of  slip  are  to 
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be  made.  An  examination  of  the  results  obtained  for  the  per 
cent,  of  slip  of  the  screws  during  the  different  runs  will  show 
that  very  uniform  values  were  obtained  by  this  method.  Another 
check  is  obtained  from  the  log.  This  could  only  be  read  to  one- 
sixteenth  of  a  knot,  which  involves  a  maximum  probable  error  in 
a  single  run  of  5:^,  or  a  maximum  probable  variation  in  two 
readings  of  10  r,  aiid  the  maximum  variation  shown  by  the  meas- 
urements is  ll"^;,  or  just  about  the  calculated  amount. 
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DISCUSSION. 

Mr.   Charles  E.  Emery. — This  paper  belongs  to  a  class  whi  oh 
should  be  encouraged,  as  it  adds  at  least  two  more  accurate  expexi. 
mental  determinations  of  facts  which  will  be  valuable  for  reference  in 
the  final  settlement  of  the  now  very  unsatisfactory  mathematical  ex- 
pressions in  relation  to  marine  propulsion.     It  id  the  province  of  tie 
investigator  carefully  to  ascertain  and  promulgate  the  results  of  ex- 
periments, and  it  is  desirable,  in  such  connection,  to  compare  such  re. 
suits  with  those  given  by  other  experiments  and  accepted  formulas. 
In  this  case,  while  complimenting  the  experiments,  we  must  criticise 
the  fact  that  the  actual  relative  e£Sciencies  of  the  two  screws  em- 
ployed on  the  tug-boat  are  not  presented.     The  special  screw  of  the 
tug-boat  shows  considerably  less  than  half  the  so-called  **eflEective 
area  "  of  the  true  screw  by  the  Kankine  rule  and  over  double  the 
slip,  but  the  actual  loss  of  efficiency  is  proportionally  much  less.   In 
comparing  actual  results  w*ith  the  same  hull  and  same  engines,  the 
efficiency  practically  varies  as  the  cube  of  the  actual  speed  divided 
by  the  indicated  horse-power.    Performing  the  operations,  the  result 
for  the  common  screw  is  4.7592  and  for  the  special  screw  4.4024,  so 
that  the  common  screw  during  this  particular  trial  was  only  8.11)( 
more  efficient  than  the  other,  provided  several  conditions  not  men- 
tioned in  the  report  were  the  same,  more  particularly  the  dranght 
of  water  fixing  the  displacement  of  the  hull.     It  is  well  known  in 
practice  that  the  pitch  relative  to  diameter  and  the  width  of  the 
blades  may  be  varied  within  very  considerable  limits,  so  as  tocanse 
considerable  variation  in  the  "  slip  "  and  but  little  in  efficiency. 
Thorneycroft  obtained  high  efficiency  with  his  "vortex"  propeller, 
in  which  the  vanes  inclined  backward  very  much  ;  the  builder  of 
the  phenomenal  Buzz  obtained  his  best  efficiency  with  a  wheel  tend- 
ing to  disperse  the  water,  and  Herreschoff  has  found  the  same  effi- 
ciency with  the  wheel  put  on  backward  as  forward.     As  a  general 
opinion,  based  on  this  conflict  of  evidence,  many  of  us  have  come  to 
believe  that  for  wheels  of  the  same  diameter,  with  blades  of  even 
thickness  and  smoothness,  the  contour  and  direction  of  the  bla^^es 
have  little  influence  on  the  result,  though  frequently  the  efficiermcj 
can  be  moderately  increased  by  changing  the  widths  of  the  blacTkes 
The  narrow' blades  will  always  have  a  greater  slip  but  less  fricti  oi 
so  for  changes  within  certain  limits  the  efficiencies  are  not  materi  ^' 
modified.     The  experiments  under  discussion  confirm  tins  vie^^  ^ 
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rar  as  ehowingtliat  neither  Rankine's  fortnuiae  nor  tlie  slip  ia  a  cor- 
net index  of  the  efficiency.     In  tliis  particular  case  the  designer  of 
^OG  special  propeller  simply  reduced  his  blades  a  little  more  than 
^^aa  proper  for  the  particular  conditions,  but  if  the  same  macliiiiery 
*^**<i  propeller  were  put  in  ii  lighter  vessel  which  would  run  at  a 
S*"©ater  speed  with  the  same  power,  undoubtedly  the  special  wheel 
^*Oiild  have  shown  a  higher  efficiency  than  the  other,  and  on  the 
'iOntrftry,  for  towingpiirposea  the  wider  blades  would  probably  show 
~*   higher  relative  efficiency  than  they  did  in  this  case.     It  is  true 
that  often  very  considerable  gains  in  the  efficiency  of  the  machinery 
are  made  by  changing  propellers,  and  the  firm  which  is  successful  in 
this  respect,  always  attributes  it  to  the  superior  kind  of  propeller, 
vhercas,  in  nine  cases  in  ten,  particularly  with  tng-boflts,  the  pro- 
peller has  simply  been  adapted  to  the  boiler  and  engine.     If  a  new 
boat  comes  out  and  ateaine  freely,  an  expert  can  usually  guarantee 
and  obtain  greater  speed  by  putting  in  a  propeller  with  lees  pitch 
which  will  permit  the  engine  to  work  off  the  steam.     The  changes 
made  in  the  propellers  of  such  lai^e  steamers  as  the  Inman  City  of 
2feu3  York,  the  "White  Star  Teutonic,  and  in  some  of  the  German 
steamers,  involve  this  principle.     On  the  contrary,  another  new  tug- 
boat may  come  out  in  which  it  is  difficult  to  keep  up  the  steam  press- 
ure.    The  same  expert  will  put  on  a  new  wheel  with  greater  pitch, 
thereby  reducing  the  fevolutionn,  permitting  the  boiler  to  keep  np 
the  pressure,  and  thereby  securing  a  better  result  as  a  whole,  and 
another  success  is  boasted  of.     The  results  in  each  case  are  based 
on  the  results  obtained  with  the  original  wheels,  and  only  those  i^ho 
arc  new  in  the  business  attempt  improvements  in   propellers  when 
the  results  already  sliow  a  fairly  good  performance. 

Mr.  A.  H.  Raynal. — As  a  practical  manufacturer  of  propeller 
wheels  for  some  years,  I  take  the  liberty  of  calling  the  attention  of  the 
author,  and  of  all  those  who  look  into  the  theoretical  detailsof  pro- 
pellers, to  the  practical  difficulty  of  measuring  propeller  wheels  afler 
they  are  made.  All  those  who  have  made  them  heretofore  will  bear 
me  out  in  tiiis  statement :  from  the  moment  that  the  mould  is  made 
until  the  propeller  is  put  down  on  the  table  to  be  bored  out  there  is 
a  set  of  changes  going  on  all  the  time,  and  you  do  not  know  at  all 
wiiat  the  actual  pitch  of  your  propeller  is.  More  important  than 
the  shape  of  the  propeller,  no  doubt,  is  the  quality  of  the  material  of 
which  the  propeller  is  made,  the  degree  of  smoothness  of  the 
surface,  and  more  than  everything  else,  the  sharpness  of  the  edge. 
At  the  Dclamater  Iron  Works  we  made  propellers  of  all  kinds  of 
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pitches,  and  each  inventor  claimed  wonderful  reenlts,  and  after 
all,  the  ordinary  propeller  stood  there  as  well  as  any  of  them.  But 
we  did  find  a  difference  when  we  did  not  lay  ont  the  opposite 
blade,  or  when  onr  propeller  was  out  of  balance,  or  the  edges  were 
poor  or  they  were  not  properly  cleaned.  I  only  wish  to  state  this 
so  as  to  warn  these  gentlemen  before  they  accept  a  certain  pitch  to 
make  the  most  careful  measurements  of  the  propeller  in  question. 

Mr.  Oberlin  Smith, — I  think  it  would  be  interesting  to  bringout 
here  any  experiences  in  regard  to  the  number  of  blades  of  propel, 
lers.  I  know  that  one  of  the  new  steamers — I  think  it  was  the 
Majestic — came  over  with  three  blades,  where  her  sister  ship  had 
four.  I  believe  the  results  with  three  were  the  better.  "We  know 
that  many  boats  run  with  two ;  and  that  question  of  the  relative 
efficiency  of  two  or  three  or  four  blades,  other  conditions  being 
alike,  is  an  interesting  one. 

Another  important  question  in  regard  to  propellers  is  what  effect 
casings  surrounding  them  may  have  on  their  action.    If  we  accept 
the  theoiy  of  Rankine's  as  to  the  effective  area  of  push  being  the 
cross-section  of  the  stream  of  water,  that  real  cross-section  may  be 
different  with  and  without  a  casing — probably  somewhat  larger 
than  the  propeller  itself  when  not  encased,  I  don't  know  exactly 
how  much.     With  a  casing,  it  would  obviously  be  limited  to  the 
internal  diameter  of  that  casing.    If  anybody  has  experience  on 
this  point  it  would  be  interesting  to  have  it  brought  before  the 
meeting. 

Mr.  Gus.  C.  Henning. — I  should  like  to  say  that  one  other  source 
of  error  is  found  in  modem  propellers,  especially  in  those  of  man- 
ganese bronze  or  other  metals  which  permit  of  their  being  cast  not 
more  than  half  an  inch  thick  at  the  edge  with  a  blade  which  is  several 
feet  long.  There  is  sufficient  flexure  in  such  blades  to  change  the 
pitch  totally,  so  that  there  is  no  more  resemblance  in  the  screw 
when  under  action  and  when  at  rest  than  if  it  were  an  entirely  dif- 
ferent one.  That  effect,  I  think,  has  never  been  taken  into  con- 
sideration at  all. 

Mr.  J.  W.  Cole. — Has  any  of  the  gentlemen  present  any  data  as 
to  propeller  wheels  run  in  cylindrical  or  conical  ^cases,  such  as  the 
speaker  has  mentioned  ? 

Mr.  II.  II.  Suplee. — I  know  of  an  elaborate  series  of  experiments 
now  in  progress  to  determine  that  very  point,  but  they  have  not 
been  com])leted.  If  possible,  I  should  be  glad  to  answer  the  ques- 
tion  if  I  can  obtain  access  to  the  results. 
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Oherlin  Smith. — I  think  the  point  bronght  out  by  Mr. 
ng  ia  a  g<5od  one,  and  I  would  suggest  that  at  some  futuro 
ig  of  thia  Society  somebody  bring  a  description  of  an  appa- 
Eor  indicating  the  shape  of  a  propeller  wheel  while  in  motion, 
ig  the  difference  between  its  shape  then  and  ita  shape  at  rest, 

other  and  different  speeds.  I  have  no  doubt  that  sach  an 
.tns  could  be  contrived  tn  show,  approximately  at  least, 
er  there  was  much  of  that  change  of  shape  that  Mr,  Henning 

of.  It  can,  however,  amount  to  a  practical  evil  only  upon 
lely  thin  blades. 

/".  JoeoJw*. — I  sm  glad  that  thia  paper  has  called  forth  bo  able 
ission  by  engineers  having  experience  in  this  line,  and  espe- 
;liank  Mr.  Emery  for  hia  careful  review  of  the  matter, 
eply  to  the  criticism  that  the  efficiencies  of  the  several  screws 
t  included,  I  will  say  that  they  were  worked  out  for  the  cases 
ly  Mr.  Emery,  bnt  were  not  included,  because  it  was  thought 
>  limit  the  paper  to  a  discussion  of  the  effective  areas.  The 
it  of  the  tiig-boat  was  the  Biime  in  the  two  tests. 

pitch  of  the  screws  was  measured  after  the  blades  were  fast- 
0  the  hub,  so  that  the  actual  amount  is  recorded. 
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INFLVEXCE   OF  STEAM- JACK 
TUCKET  J'VMPJXG 


A  8II0BT  time  ^o  a  paper  vras  presei 
the  iufluence  of  steam-jackets  on  the  e 
indicator  carda  of  the  pamping  engine 
Works.  In  this  paper  Prof.  Denton  i 
ence  in  the  form  of  the  indicator  cards 
was  so  small  that  it  was  hard  to  draw 
regard  to  the  actual  amount.  It  was 
reason  an  arrangement  was  being  mac 
the  indicator  driim  motion  would  be 
definite  couclusious  could  be  arrived  a 
over  to  me  by  Prof.  Denton  after  sever 
taken  with  the  new  apparatus,  both 
Walker,  the  chief  engineer  of  the  work 
of  Mr.  Darling  and  Mr.  Walker  I  was 
of  data  extending  over  a  period  of  21 
the  engine  was  nin  continuously  nnd 
1.  Seven  days  with  jackets  and  the  : 
days  with  jiickets  shut  off  and  fltie  reh( 
with  both  jackets  and  flue  reheater  shi 
is  very  complete,  readings  of  the  im 
taken  every  hour,  and  in  some  cases  e' 

The  object  of  the  present  paper  is  t 
paiision  of  the  nteam  and  economy  obti 
and  without  jackets,  and  to  show  if  th< 
different  parties  at  various  times  will 
sions.  With  this  end  iu  view  the  w: 
cards  in  person  about  one  mouth  afti 
tests  previously  quoted. 

The  arrangement  used  for  c 
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ax  of  the  indicator  shown  iu  Fig.  221  has  several  advantages 

eh  -will  be  fully  explained  in  a  description  of  the  same. 

he  conclusions  arrived  at  are  :   1.  The  effect  of  jackets  on 

form  of  the  expansion  cnrvea  of  both  the  high  and  low- 
ssnre  cylinders  is  so  smaU  that  the  errors  involved  in  the 
it  accurate  measttrementB  of  the  indicator  diagrams  make  it 
possible  to  show  any  difference  in  the  laws  governing  the 
le ;  2.  The  economy  of  the  plant  when  working  under  the 
ae  sets  of  conditions  is  abont  1.7<  in  favor  of  using  the  flue 
eater,  and  2.5%  in  favor  of  using  both  jackets  and  flue  reheater 
r  that  obtained  when  neither  the  flue  reheater  or  jackets  are 
d.  .  The  duty  for  both  jackets  jtnd  flue  heater  in  use  was 
,580,000  ft.-lb3.  per  100  lbs.  of  coal  ;  3.  There  was  verj-  little 
caporation  during  expansion  in  eitlier  the  high  or  low-pressure 
.nder,  the  average  for  all  the  tests  being  A^  for  the  high 
inder,  and  2.9%  for  the  low. 

'igs.  219  and  220  show  the  form  of  the  indicator  cards  of  the 
h  and  low-pressure  cylinders. 

.'able  I.  contains  the  principal  re-sults  derived  in  regard  to  the 
nomy  of  the  plant  when  working  uuder  the  several  sets  of 
ditions.  Tables  II.  and  III.  give  the  averages  and  final  results 
the  measurements  made  on  tlie  iiiilicator  cards.  Tatile  IV. 
nserted  to  show  the  way  in  which  the  data  from  each  set  of 
lis  were  derived.  Tlie  number  of  cards  in  each  set  is  10  or  12, 
n  the  case  in  which  the  jackets  were  in  use — but  not  the 
,ter — the  reevaporatiou  in  the  low-pressnre  cylinder  was 
atev  than  iu  any  other  case.  As  there  is  no  apparent  reason 
V  t!ie  reij-saporation  in  tliis  case  should  be  diflerent  from  that 
ained  when  both  the  jackets  and  reheater  are  in  use,  and  the 
ult  was  not  verified  by  making  several  tests,  as  in  the  other 
es,  it  ia  not  well  to  place  too  great  stress  on  this  figure. 
'rnf.  Denton  has  already  presented  a  description  *  of  the 
;ine  to  this  Society,  for  which  reason  only  the  principal 
tensions  are  given  in  Table  I.     It  may  be  well  to  recall  that 

engine  is  a  cross  compound,  and  that  both  the  high  and  low- 
ssure  cylinders  are  jacketed  on  head  and  sides  with  steam  of 
.  boiler  pressure. 

t  may  be  noticed  that  the  steam  per  hour  per  horse-power  cal- 
ited  from  the  cards,  and  the  percentage  of  steam  at  release  in 

high-pressure  cylinder  that  is  accounted  for  at  cut-off  in  the 
•  St-e  p.  :i2B  of  Ihia  volume. 
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JoT-pressnre  cylinder,  are  not  given  in  Table  IIL  ;  these  tigares 
are  not  presented  because  the  indicator  cards  were  taken  from 
one  end  only  of  the  cylinders.  It  must  not  be  inferred,  because 
the  law  of  expansion  in  the  separate  cylinders  is  the  same  when 
"working  with  or  without  jackets,  that  the  economy  or  combined 
diagram  will  be  the  same.  To  show  the  relative  economy  direct 
tests  must  be  made  by  measuring  the  fuel  or  steam  used,  and  to 
plot  the  combined  diagram  cards  must  be  taken  from  both  ends 
of  the  cylinders.  At  some  future  time  exact  cards  may  be  taken 
from  all  the  ends  of  the  cylinders  simultaneously,  but  for  the 
purposes  of  the  present  article  it  was  thought  best  to  simplify 
matters  in  order  to  be  able  to  discuss  the  law  of  expansion  h 
each  separate  cylinder  with  as  great  accuracy  as  possible 

Fig.  221  represents  the  apparatus  used  to  communicate  motion  1 
to  the  drum  of  the  indicator.     It  consists  of  a  pantograph  at-  I 
tached  to  the  piston-rod,  whereby  the  motion  of  the  same  is  cor- 
rectly reduced.     A  wooden  rod  is  connected  to  the  pantograph  at  1 
the  point  at  which  the  stritifi;  leading  to  the  indicator  is  usually  ] 
attached ;  this  is  held  by  a  guide  so  that  it  passes  directly  at  the 
side  of  the  indicator  drum,  as  represented  in  the  figure.     The 
spring  is  removed  from  the  indicator  drum.     To  the  drum  are 
attached  two  catgut  strings  which  wind  partly  around  it  and  pass 
in  opposite  directions  to  Tiolin  keys  placed  in  the  wooden  rod. 
The  string  is  arranged  so  that  it  is  exactly  parallel  to  the  centre 
line  of  the  rod.     By  adjusting  the  violin  keys  the  drum  may  be 
given  the  desired  motion  and  the  strings  drawn  very  tight,  so 
that  there  is  no  error  due  to  the  stretching  of  the  same.     No 
undue  friction  is  caused  on  the  drum  spindle  by  tightening  up 
the  keys,  for  the  tensions  of  the  two  cords  balance  each  other. 

The  advantage  of  this  arrangement  is  that  it  entirely  does  away 
with  the  stretching  of  the  cord  driving  the  drum,  which,  as  modi- 
fied by  the  friction  of  the  drum  and  variation  of  the  pull  pro- 
duced by  the  spring,  causes  slight  errors  in  the  card.* 

A  very  sliglit  inaccuracy  iu  taking  the  indicator  cards  will  pro- 
duce an  error  which  will  more  than  cover  the  difference  in  the 
form  of  the  cards  under  the  several  sets  of  conditions.  For  in- 
stance, on  starting  to  take  cards  from  the  low-pressure  cylinder 
the  piston  of  tlie  indicator  leaked  slightly  and  the  pencil  would 
not  always  travel  over  the  same  expansion  line  for  several  con- 
secutive strokes.  This  was  not  due  to  the  action  of  the  governor, 
*  See  articlf  by  I'n.f,  Wflib,  p.  311  of  this  volume. 


1042      STEAM-JACKETS   OF  THE  PAWTUCKET   PUMPING  ENOINI. 


'qoai  ajvnbs.  jad  *8qi.iii  anrasaid  a^niOMnr 


SrUM-JACKETS  OF  THE   PAWTUCKET  PUMPDIQ   ENQINE.      1043 

-.  was  clamped  faat  in  taking  some  of  the  cards.  Oq  placing 
tter-fittiug  piston  in  tlie  indicator,  perfect  diagiama  were  ob- 
ad.  If  s  person,  tlierefore,  ahoutd  have  used  the  indicator 
[  the  slightly  leaky  piston,  allowed  the  pencil  to  travel  only 
or  two  strokes  and  discarded  those  tiaida  which  had  a  doable 
on  the  supposition  that  it  was  caused  by  the  goveraor,  the 
rs  involved  would  be  much  more  than  all  the  differences 
vn. 

be  pressure  of  the  atmosphere,  as  shown  by  the  barometer, 
observed  at  the  time  thjit  each  set  of  cards  was  taken.  If 
had  not  been  done  the  ])ossible  error  in  estimating  the 
sure  shown  by  the  low-pressure  card  would  more  than  cover 
difference  found.  For  example,  suppose  the  barometer  to 
ige  one  inch  between  the  time  that  two  sets  of  cards  were 
n ;  then  the  error  in  estimating  the  ratio  of  expansion  shown 
;h©  low-pressure  cards  lietween  the  absolute  pressures  of  18 
7  lbs,  would  be  .09,  whereas  the  maximum  variation  between 
average  results  of  tests  made  under  the  same  conditions  as 
n  in  Table  II.  is  .08.  The  jackets  were  thoroughly  blown 
and  the  engine  ran  for  about  four  hours,  or  more,  under 
I  set  of  conditions  before  the  indicator  cards  were  taken. 
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DISCD8810N, 

Jktr.  A.  F.  Nagle. — In  reading  tbis  paper  we  sliall  certainly  be 

^^^sled  if  we  overloot  tlie  fact  tliat  the  ateaiu  used   in  this  engine 

^aa  eaperlieated  5°  when   the  test  was  made  with  steam  in  the 

i^^sliete,  and  13°  without  boiler  steam  in  the  jackets,  or  a  flne  heater. 

The  alight  gain  by  the  jacket  in  the  tirst  cylinder  of  this  engine 

'^Oes  not  jnetify  the  extra  cost  and  hazard   inenrred,  and  contirma 

tile  position  taken  hy  Mr.  Corliss  in  his  mill-engine  practice.     All 

ois  mill  engines  were   without  jackets,  and  he  olaimed   to  have 

^iemonstrated  their  needlessness  when  the  engineering  practice  of 

tbe  world  was  eetablishing  theli'  value.     I  do  not  know  pergotjally 

how  thoroDghly  Mr.  Corliss  had  made  his  investigations,  but  his 

resnlts  justified  hia  conclusions.     But  it  should  be  known  that  Mr. 

Corliss  always  nsed  a  vertical  tubnlar  boiler  with  a  largo  exposure 

of  snrface  for  superheating  the  steam,  and  it  is  due  to  this  dry  or 

Boperheated  steam  that  he  found  no  gain  by  jackets.     Witii  other 

boilers  giving  moist  steam,  the  decided  advuntagea  by  jacketing 

have  been  established  beyond  all  doubt. 

I  am  somewhat  sceptiual  as  to  the  correctness  of  the  "  vacuum 
in  inches  of  mercury  =  28.22  ; "  "  barometrical  pressure  in  inches 
=  30.24." 

The  natural  impression  is  that  the  vacuum  war  measured  by  a 
mercurial  column,  but  as  a  fact  it  is  measured  by  a  Bourdon 
pressure  gauge,  and  unless  the  gauge  is  verified  I  should  not 
bblieve  such  an  excellent  vaciinm  attainable  in  a  steam-engine. 
Tlie  habit  of  speaking  of  the  vacuum  in  inches  of  mercury  is  bad 
and  misleading  and  should  not  be  indulged  in  unless  it  is  really 
true. 

Mr.  H.  H.  Sii-plee.—Xn  regard  to  Mr.  Nagle's  last  remark,  I  had 
some  time  ago  occasion  to  doubt  the  perfection  of  the  vacuum  in 
a  compound  Corliss  engine  as  shown  by  the  vacuum  gauge,  and 
inserted  a  mercury  column  to  check  the  results,  I  found  that  a 
vacuum  of  a  little  over  28^  inches  by  gauge  was  fully  borne  out 
by  the  mercury  column  inserted  iu  the  pipe  at  the  same  point  as 
tlie  Bourdon  gauge.  But  when  the  barometer  was  only  a  little  over 
30  inches,  I  had  doubted,  as  Mr,  Nagle  had  doubted,  the  accuracy 
of  the  vacuum  gauge  when  showing  such  excellent  resnits. 

Mr.  A.  H.  liaynal. — During  early  experiments  with  the  Erics- 
son expansion  engine  I  found  it  impossible  to  obtain  on  the  card 
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t}ie  same  vacunm  as  in  tlie  cylinder, 
could  get  Iiotd  of,  among  others  thou 
turing  Company,  and  I  never  reached 
actual  vacuum  in  the  cylinder.  Of  ci 
because  the  piston  has  to  be  to  a  certai 
but  a  very  small  amount  of  air  to  deal 
within  the  cylinder  a  vacnura  coming 
absolute  vacuum,  and  the  beet,  ae  I  eai 
the  card  by  the  indicator  was  usually  c 
in  the  otlier  part  of  the  cylinder  a  gi 
the  accurate  vacuum,  and  doabting  it 
and  correcting  that  and  doubting  thew 
in  the  mercury  column,  and  found  v 
within  half  an  inch. 

Mr.  C.  W.  Jiamalf/.— I  juBt  vant  t 
there  is  no  error  dne  to  the  stretching 
manner  described.  I  think  that  woul 
ease  of  a  cord  which  was  entirely  iuerf 
inertia  of  the  drum.  That  is,  the  im 
would  coincide  with  the  motion  of  t 
only  in  the  case  of  an  inelastic  cord  and 
of  inertia  of  the  dnini  and  of  clastii 
however,  in  practice  would  be  hardly 

Prof.  J.  B.  TFcM.— I  wish  to  eni[ 
Jacobus  has  not,  perliaps,  sufficiently  <, 
the  spring  is  removed  from  the  indical 
spring  is  mainly  to  get  rid  of  the  dr 
elasticity  of  the  string  is  concerned  it 
it  cannot  produce  any  sensible  erroi 
iu  getting  rid  of  it  entirely.  The  ela 
Jcngtiiens  the  card,  leaving  its  proport 

J/r.  Jas.  W.  See. — It  seems  to  nie  t 
Mr.  Jacobus  is  «  practically  perfect  or 
as  a  device  for  converting  reeiprocatiu 
But  let  mc  ask  what  advantage  it  has 
why  a  rack  and  pinion  of  a  fair  praeti 
material  lost  u)otion  would  not  be  a 
indicators,  and  give  a  man  a  chance  t< 
string  motion  as  he  desires? 

Mr.  Daiiii'l  Anhworih. — In  referrinj 
aware  that  it  is  the  usual  practice  in  1 
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ce  the  poets  inid-etroke,  and  hence  we  get  a  diagonal  movemeiit, 

accnrncy  of  which  is  doubtful,  and  it  is  also  very  difficult  to 
ct  and  place  in  one  position  except  in  an  engine  room  where 
i  floor  is  properly  prepared  for  it.  For  quite  a  long  while  I 
e  followed  tlie  practice  of  taking  a  hold  direct  upon  tlie  lazy- 
gB,  clasping  a  nut  on  the  cjlinder-hefld  nnd  pulling  it  straight 

coincident  with  the  piston.  The  whole  matter  ia  so  eimple 
t  you  can  carry  all  the  attachments  almost  in  yonr  pocket, 
pping  it  on  in  an  instant  and  taking  it  off.  1  have  no  difficulty 
lulling  Btraiglit  out  and  closing  straight  up  coincident  with  the 
;ine  and  parallel  to  it  If  you  have  the  post  system  of  placing 
t  raid-stroke  your  cylinder  may  be  in  such  a  position  that  your 
!  will  reach  for  the  lazy-tongs  at  an  angle,  but  in  this  case  all 
1  is  avoided  and  you  have  exceedingly  short  lines. 
'/r,  H.  H.  Suplee. — Leaving  for  a  moment  this  question  of 
ieator  motions  and  returning  to  the  question  of  defective 
nuni,  i  have  found  the  diJliculty  of  obtaining  anything  like  the 
iium  on  the  cards  that  the  gauge  shows,  and  where  I  have  veri- 
.  the  vacuum  with  a  mercury  gauge  I  took  pains  to  attach  the 
rcnry  column  at  successive  points  between  the  condenser  and 
-pressure  cylinder,  attaching  it  to  a  pipe  which  has  a  moderate 
gtli,  perhaps  six  or  seven  feet,  and  then  attaching  it  tn  the 
inder  ulso,  and  I  found  that  the  loss  in  vacuum  was  ahnost 
duatcd,  continually  failing  between  tlie  condenser  and  cylinder 
if  it  was  due  to  some  other  resistance  than  merely  the  loss  in 

instrument  itself. 
fVo/;  J'lcohwi. — In  reply  to  Mr.  Nagle's  criticism  in  regard  to 

vacuum  gauge,  I  will  say  that  the  only  back-pressure  whicii 
!ct5  the  eeouoniy  is  that  shown  by  the  indicators,  the  springs 
which  were  specially  made  for  the  test  and  certiiied  to  by  the 
riufiicturers.  The  reading  of  the  vacuum  gauge  is  included 
iply  to  give  all  the  conditions  which  existed  during  the  test. 
e  gauge  showed  the  back-pressure  during  the  exhaust  of  the 
■-pressure  cylitider  to  be  about  one-half  a  pound  per  square 
h,  a  result  whiuh  appears  to  be  about  correct.  The  statement 
t  the  effect  of  jackets  is  so  much  more  beneficial  with  wet  than 
:h  dry  steam,  or  steam  which  is  slightly  superheated,  is  interest- 
■,  and  1  wish  Mr.  Nagle  would  advise  us  in  regard  to  the  partic- 
r  tests  from  which  he  draws  this  conclusion. 
ffc  have  triod  the  method  which  Mr.  Ashworth  suggests  of 
ding  the  lazy -tongs  at  one  end  and  attaching  the  other  to  the 


( 


1052      STEAM-JAOKETS  OF  THE  PAWTT] 

croBB-head  bo  that  it  is  drawn  in  anc 
movement  of  the  piston,  but  have  t 
ing  it  in  this  way  throughout  a  lon| 
amount  of  moyemcnt  whicli  nece 
Wlieri  attached  in  thia  way  to  an  en, 
Jiigh  Bpeed  the  strain  is  very  gres 
under  our  observation  the  fasteningf 
gave  way.  If  one  end  is  held  at  or 
the  amount  of  movement  at  the  join) 
strain  on  the  same. 

ADDED  BINCK  THE 


As  the  accuracy  of  the  vacuum  gau 
as  this  is  the  only  instrument  employ 
calibrated,  it  was  determined  [to  c 
mercury  column.  The  column  was  i 
and  compared  with  the  gauge  wi 
position  it  occupied  during  the  test, 
gave  too  hi^h  a  reading  by  0.65  inci 
reading  was  about  one<third  of  a  pen 
words,  0.65  inch  should  be  subtract 
table  in  order  to  obtain  the  true  vacD 
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THE  EFFECT  OF  AN  UNBALANCED  ECCENTRIC  OR 
GOVERNOR  BALL  ON  THE  VALVE  MOTION  OF 
SHAFT-00  VERSED  ENGINES. 


The  fast-growing  family  of  steam-engine  goyemora,  known  as 
shaft  governors,  cau  be  Lti\'icled  into  two  classeR.  lu  one  class, 
the  eccentric  is  forced  over,  through  the  agency  of  some  wadg- 
ing  action,  such  as  a  secondary  eccentric  or  slide.  In  the  other 
class,  the  eccentric  is  piilled  or  pushed,  by  the  force  of  the 
governing  weight  direct. 

The  advantage  of  the  first  class  is,  that  any  resistance  in  the 
valve  does  not  recoil  on  the  governing  weight,  and  hence  affect 
it,  and  the  disadvaiit'ige  is,  that  tlio  estra  friction  impairs  its 
sen.sitiveiie!ss.  The  advantage  in  the  second  class  is  that  of  pos- 
sible sensitive  governing:  and  the  disadvantage  of  being  easily 
disturbed  by  external  influences. 

-  In  discussing  the  question  some  ten  years  ago,  with  the  late 
John  Coffin,  as  to  what  would  be  the  effect  on  the  valve  motion 
of  an  euffiue,  were  the  governor  ball  unbalanced,  he  said,  "  The 
ball  would  revolve  in  a  circle,  but  the  centre  of  the  circle  would 
be  below  the  centre  of  the  shaft."* 

This  seemed  so  reasonable  that  it  was  accepted  as  a  fact — 
until  the  last  year  we  labored  under  the  delusion,  notwithstand- 
ing that  disturbed  valve  motions  were  occurring  with  disagreea- 
ble frequency-.  We  contented  ourselves  by  attributing  the  cause 
to  every  ]X)ssibIe  agency  but  the  true  one.  Something  like  a- 
year  a^fo,  Jlr.  E.  J,  Armstrong,  of  this  Society,  had  an  aggra-' 
vated  case  of  valve  disturbance  in  an  engine  well  suited  to; 
experimenting ;  and  as  a  matter  of  investigation,  he  fixed  a  pencil 

ever  knew  him  to  be  mistaken,  and 
□  acknowledgment  of  this  error.^- 


I 
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in  the  eccentric  and  obtained  the  diagram,  accoratelj  reproduced 
in  Fig.  178. 

His  belief  that  the  distortion  of  the  eccentric  curve  must  have 
been  caused  by  the  unbalanced  eccentric,  led  him  to  the  consid- 
eration of  the  effect  of  gravity  on  a  weight,  working  under  the 
condition  of  an  unbalanced  governor  balL  For  the  action  of  an 
unbalanced  eccentric  is  the  same  in  extent  as  a  governor  ball 
which  had  added  to  it  weight  enough  to  counterbalance  the 
eccentric,  and  with  the  eccentric  omitted. 

To  put  this  problem  in  its  most  simple  form,  what  will  be  the 
effect  of  gravity  on  an  unbalanced  governor  weight?  Assume 
that  the  ordinary  fly-wheel  J,  Fig.  179,  has  arranged  within  it 
a  weight  B,  free  to  move  radially,  and  held  in,  against  centrifu- 


FiG.  178. 

gal  force,  by  the  spring  C.  With  the  spring  properly  propo^ 
tioned  to  a  given  speed,  given  the  proper  initial  tension,  and  the 
wheel  maintained  at  that  speed,  the  tendency  of  the  ball  to  go 
out  by  centrifugal  force  and  the  tendency  of  the  spring  to  draw 
it  in,  will  exactly  balance  each  other,  wheresoever  the  ball  may 
be  placed.  So  that,  were  it  not  for  the  disturbing  influence  of 
gravity,  the  ball  might  be  set  anywhere  out  or  in,  and  would 
there  stay,  so  long  as  the  constant  speed  of  the  wheel  was  main- 
tained. To  consider  what  the  effect  of  gravity  would  be,  acting 
upon  this  weight  under  these  conditions,  assume,  when  the  wheel 
is  turning  in  the  direction  shown  by  the  arrow,  that  the  weight 
is  at  n.  When  the  weight  has  reached  the  position  6,  gravity 
has  drawn  it  out  from  the  centre  :  at  c,  it  is  farther  out :  at  d, 
farther  yet :  at  e,  still  farther,  and  so  on  until  it  arrives  at  y, 
after  which,  at  h,  it  is  drawn  in  by  gravity,  and  so  on  would  reach 
the  point  a,  at  the  completion  of  the  revolution.     This  curved 
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path  of  the  disturbed  ball  correspoQcU  with  the  eeoentrio  curve 
obtained  id  Armstrong's  experimsnt ;  and  it  will  be  seen  that, 
instead  of  heiug  a  circle,  with  its  centre  below  the  centre  of 
the  shaft,  it  is  not  a  circle,  and  the  contre  is  directly  at  one 
side,  in  the  best  possible  position  to  disturb  the  valve  motion  of 


FiQ.  170. 


a  horizontal  engine.  It  will  also  by  a  slight  reflection  ba  under- 
stood, that  the  slower  the  speed,  the  gceater  the  disturbance ; 
because  the  longer  the  time  given  to  gravity  to  act,  the  greater 
its  effect. 

I  do  not  know  that  the  discovery  of  this  fact  in  regard  to  the 
revolving  weight,  or  this  method  of  presenting  it,  is  here  given 
for  the  first  time,  but  if  it  is,  Mr.  Armstrong  is  entitled  to  due 
credit  for  its  discovery  and  its  elucidation. 

The  effect  of  this  disturbance,  caused  by  either  anunbatanced 
eccentric,  governor  ball,  or  other  unbalanced  elements  in  the 
governing  mechanism,  will  be  better  understood  by  reference  to 
the  small  curved  line  C,  which  is  parallel  to  the  path  of  the  balL 


DISCUSSION. 


Prof.  S.  W.  Sohinson. — In  my  class-room  lectures  I  have  given 
matliematical  analysis  of  this  case  of  an  unbalanced  governor 
weight,  Euch  as  a  single  wcigtit  revolving  about  a  horizontal  shaft 
and  free  to  move  out  against  a  spring  resistance. 
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Tlic  roBiilt  of  tliis  annlysis  was  foi 
wonM  iriove  iii  a  curve  nuarlj  a  cir 
raisccl  exactly  iip^vard  to  a  Iiciglit  abo 
by  an  aiiionnt 

wliere  g  is  tlie  acceleration  of  gravi 
velocin-  of  revolution,  and  n  =  the 
secoiul. 

Tliis  result  of  analysis  agreed  witb  y 
fair  conchisioTi  drawn  from  an  inspect! 
of  the  cnse,  sncli  as  Fig.  179  of  Prof.  S 
about  as  [allows: 

Siiiipose,  to  start  with,  tliat  the  weig 
horizoiitjil  portion  of  arc.  The  action 
downward  instead  of  allowing  it  to  m 
centric  with  the  Bbaft,  thus  giving 
motion  relative  to  the  wheel  ^and  ale 
tJie  time  tlie  weight  reaches  a  it  will 
toward  the  centre  V.  From  tliis  po 
and  on  reaching  (/  will  have  destroyt 
O,  when  B  will  again  be  moving  hori: 
the  radius,  but  will  he  at  a  point  neare 
_;.  Now,  from  this  point  on  s  radij 
that  at  g  the  weight  will  be  moving  oi 
wliieh  from  g  on  to  _/'  will  again  be 
bringing  tlie  weight  to  rest  on  the  rac 
radial  distance  from  the  centre  Cthan 
revolution,  and  i>nttirtg  the  weight  in 
Snpposed  at  the  start,  when  it  will 
curve  ijs  the  next  turn  of  the  shaft  is  n 
the  curved  path  described  being  foun< 
its  centre  elevated  above  that  of  the  sli 

Tliis  reasoTiing  around  the  circle  w 
force  acting  on  the  weiglit  besides  g 
any  otljcr  <-oneliision  than  the  above. 

This  corroboration  of  the  result  of  s 
was  staitlcd  on  noting  the  testinioi 
wlicreiijiiiii  I  determined  to  make  soni 
mutter. 


THE  EFFECT   OP  A^  CNBALASCED   ECCENTRIC. 

To  tliis  end  I  rigged  up  a  disk  cftrrjing;  ft  centrifiignl  device 
shown  ill  Fig.  232,  tlic  aftUir  being  pnt  into  nenity  isochronous 
condition  by  armnging  to  Imvo  the  spring  free  from  tension  wlieii 
the  moving  end  was  a  little  above  tlie  intersection  of  the  line  of 
the  spring  with  the  line  DE.  A  pencil  was  nionnled  in  the  lever 
»t  P. 

Wlien  motion  was  given  to  the  disk,  the  centrifugal  force  balanced 
tlie  spring' at  the  angular  velocity  (o  =  56.86,  or  655  revolutiune 


per  minute,  according  to  the  determination  from  the  weight  in 
ponnde  of  W  and  t!ie  lever,  the  reaction  of  the  spring,  etc.,  all 
(jiiantities  of  data  being  carefully  measured. 

While  the  device  was  revolving  right-handed,  with  tlie  weight 
between  stops,  a  board  upon  wlncii  a  sheet  of  paper  was  tacked', 
Liud  so  placed  as  to  swing  to  or  from  the  pencil,  was  moved 
against  the  pencil  and  a  curve  obtained.  This  was  done  repeatedly- 
Also  the  circles  of  motion  were  got  for  the  weight  against  the  inner 
sto])  and  the  outer  stop. 

Examining  the  curves  thus  obtained  with  dividers,  no  appreeia- 
Ijle  deviation  from  the  circular  form  was  noticeable,  and  the 
centres  of  20  such  circles  were  read  off  in  height  ahove  and  devia- 
tion  to  right  or  left  and  noted.     The  results  are  given  in  tlje  fol- 
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Remarks. 

Cenlre8hin«dnp,l 

Pencil  liftlit  bqiI 

0.10- 

Steadv  circle. 

0.10" 

Spiral,  Id,  ft" 

0.18" 

"        "    A 

0.15 

"        "     S 

0.14 

Spiral,  sliKhtl; 
Steftdy 

iir 

0.0S5 

£M 

O.U 

Spiral,  out,  A 

O.U 

::   ;:  ] 

■11 

0.12 
0.13 

0.13 

Steady 

0.05 
0.18 
0.16 
0.16 
0.15 

Spiral,  out.  ft 

0.12 

::  ■■).'{ 

0.15 

0.10 

Means 

0.13S7 

It  is  to  be  noted  tliat  the  centres  wei 
while  the  motion  was  left-handed  reh 
may  probably  be  accounted  for  by  the 
the  lever  on  ita  fulcrum,  as  increaeed  b 
pencil.  This  conclusion  ia  atrengthene 
two  curveB  read  give  zero  lateral  shift 
noted  as  having  light  pencil  presaur 
lightest  and  probably  the  fairest  resulb 

It  may  be  possible  that  considerable 
larger  lateral  displacement,  but  it  is  eri 
displacement  is  mostly  in  the  vertic 
favoring  the  results  of  analysis  and  of 

To  make  a  crucial  test  of  the  analy 
0.1257"  =  h  and  determine  o)  from  the 
0.1257  to  feet, 
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cloae  agreement  with  tlie  result  56.86  found  by  centrifugal 
spring  teueion,  etc.,  of  ttio  device,  results  whicli  are  at  once 
>  be  from  entirely  different  prlncipleB  and  different  data,  and 
a  a  tbird  and  veryBtrong  attestation  to  thevertical  instead  of 
iiial  displacement  of  the  anbalaneed  governor  weigbt. 
V  the  experiments  reported  by  Frof.  Sweet  could  bave  given 
iontal  instead  of  a  vertical  displacement  is  a  question  it  may 
icult  to  answer  now  from  the  resnlta  reported,  and  I  would 
he  question  for  Professor  Sweet's  consideration  whether  the 
tus  used  by  him  was  not  largely  in  error  of  isocbronism, 
*her  there  were  not  other  forces  acting  to  influence  the  weight 
i  the  spring;  centrifngal  force,  and  gravity, 
lay  be  remarked  that  in  designing  single- weight  governors  for 
ntal  shafts  the  displacement  of  the  centre  of  the  circle  of 
1  may  be  fonnd  from  the  formula  given,  hca'  =  g,  which,  by 
ig)  gives  for  h  in  inches  and  number  of  revolutions  per 


h"= 


*.778 


lid  of  this  formula  the  following  table  is  given  : 


J 


uliona  per  second. 

Eovolutiuna  per  MInule. 

J 

60 

9.78  in. 

3 

120 

a.44  '■ 

3 

180 

1.09  " 

4 

240 

061  •' 

5 

300 

0.39  " 

6 

3H0 

0.37  " 

8 

480 

0.15  •' 

10 

(too 

0.09  " 

13 

720 

0.07  " 

14 

840 

0.05  ■' 

IG 

960 

0.04  " 

18 

1,080 

0.03  " 

20 

1,200 

0.02  " 

>rditig  to  this  table  one  wonkl  liardJy  propose  an  unbalanced 
or  for  a  speed  less  tlian  300  revolutions  per  minute. 
(  interesting  to  note  tJiat  the  result  of  the  vertical  displace- 
■f  the  unbalanced  single  governor  weight,  viz., 


"  ^' 
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is  the  same  identically  as  is  found  tii 
the  ciiviles  of  ciirvatnre  of  the  watei 
wntor-wlieel,  known  nlso  as  the  brex 
where  the  wnter  in  the  hnckcte  of  the 
known  hy  liydraiiHe  engineers,  inclini 
force  due  to  the  motion  of  the  whe 
of  Enrfaco;  all  cylinders  of  concavitj 

ing,  at  a  given  instant,  at  a  common 

above  the  axis  of  the  wheel. 

The  analysis  coiToboratin^  the  res 

in  this  discussion  is  as  follows :  In  Fig 

shaft  govi 

ahont  wh 

lever,  Wj 

convenici 

with  reap' 

teracting 

initial  pos 

shaft,  and 

that  and 

shown.     ] 

fig.  333.  relative  t 

and  iuwai 

Tlie  forces  acting  on  W  will  be 

conuteracting  force  of  the   spring  = 

distance  of  the  weight  IF  from  5  and  ■ 

point  on  the  lino  5Tr  wliere  the  spri 

the  law  of  action  of  spring  were  to  h( 

extent  )■„,     The  disturbing  inflnenee  : 

If  Ti   be  the  distance  of  weight  l 

ning   in    regulated    condition,   witli 

the  absence  of  gravity,  as  if   the  sb 

acting  on  the  weight  would  be,  if  ^i 

weight  U'and  j}  the  unit  spring  natU 

F  -  }>  (7-1  - 

and  for  ccpiilibnuTn  this  =  0    ■'■    p 

liut  with  the  shaft  in  a  horizontal 
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tion  <p  shown,  tlie  component  of  gravity,  W  cos  <p  must  bo  sub- 
tracted from  the  expression  of  force,  giving 


p  (r  —  7 


(Jr  . i- 


W    d'r. 


('•-n)- 


W  cos  g 


Now,  this  force  is  not  constant  during  a  revolution,  bnt  varies 
because  TTcos  ip  acts  toward  the  coDtro  5  for  the  upper  half  of 
the  re-volution  and  from  the  centre  for  the  lower  half.  Then  the 
weight  JF  being  supposed  free  to  move,  it  wilt  he  swung  hack  and 
forth  from  :Sr  in  a  sort  of  vibratory  motion  of  acoeleration  snd 
retardation  as  the  governor  revolves.  We  have,  then,  only  to  put 
this  force  equal  the  dififerentia!  expression  for  acceleration,  viz.: 


.  ('*  ~  ^o)  ~  S  tjo^  'P 


=  — —  g  COB  a)t 

Ti  —  7"o  ^i  ~  fa 

ip  being  =  a>i  where  oj  is  the  angular  velocity  of  wheel  and  t  the 
time. 

This  general  equation  can  he  integrated  by  La  Grange's  method 
of  the  variation  of  parameters,  and  it  leads  to  an  expression  of  r 
as  a  trigoiiometrie  function  of  tp,  or  of  ast,  an  equation  which  adds 
great  interest  to  the  question  of  the  motion  of  an  unbalanced  gov- 
ernor weight,  showing  that  when  the  governor  is  Tiot  isochronous 
the  weight  may  describe  curves  reentering  only  after  several  rev- 
olutions, and  hence  giving  a  motion  that  might  readily  be  taken  as 
irregular  as  far  as  a  governor  for  engines  is  concerned. 

Leaving  the  full  investigation  for  a  future  paper,  let  us  suppose 
the  governor  isochronous,  in  which  ease  ]■„  =  0.  Then  the  first 
two  terms  of  the  second  member  vanish,  reducing  the  equation^to 

di'=  -^  cos  a,t. 
Integrating  <jnce  gives 


:  — ;:,  sin  wt  +  C. 
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If  we  take  the  path  as  horizontal  at 
t=  0  and  the  first  member  is  zero  alt 
Integrating  again  we  obtain 

Designating  bj  r '  the  radius  to  the 
i  =  0,  we  obtain 


Eliminating  C  we  get 

r  ~  r'  =  ^  (coi 

for  the  polar  equation  of  the  path,  or 
governor  weight. 

At  the  lowest  point  of  tlie  curve  tp 
the  particular  radius  to  this  point,  we 


n 


in  which  r'  must  be  greater  than  r 
between  the  top  and  bottom  point 

i(r'  —  r")alove  the  centre  of  the 
stated  in  the  discussion  above. 
In  the  last  equation  we  get 


which,  substituted  in  the  equation  of 

r'  +  r"     r'  ~ 


m 


if  wc  call  r,  the  mean  of  the  two  extn 

lu  tliis  equation,  if  ^  =  -  =  90°  r  = 

radius  of  the  circular  path  In  the  abac 
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the  firet  equation  of  acceleration,  in  wliicU  for  this  case  the  com- 
ponent of  gravity  IF  cob  <p=  0,  and  also  the  accelerating  force  =  0, 
Saving  r  =  r,. 

The  orbit,  as  seen  by  the  laat  eqnation  above,  la  the  cnrve  of 
*i08inefl  where  the  base  is  a  Bemicircle. 

To  illuBtrate  by  aid  of  a  diagram  (Fig.  234),  take  0  for  theiuftin 
*haft  of  the  governor,  the  dotted  circle  ACBF  to  radius  ^-i  for 
the  orbit,  in  the  absence  of  gravity.     Then  ^ 

the  orbit  for  the  nnbalanced  weight  in 
the  presence  of  gravity  is  the  full  line 
ABBE,  whfire  CD  =  EI  =  r'  -  r,  =  r^ 
—  t"  \  OH  =  TJ=r  —  r,  above,  or  r,  — 
r  below,  etc.,  the  portion  ADB  being 
the  carve  of  cosines  for  AGB,  the  base, 
and  AEB  the  curve  of  cosines  for  AEB 
S8  base. 

In  the  general  integral  of  the  complete 
expression  above,  it  is  shown  that  for  the 
isochronous  governor  the  orbit  can  only  be  horizontal  at  top  and 
bottom ;  so  that  this  carve  of  Fig.  234  must  perei&t  and  give  a  reg- 
nlar  governor,  while  if  it  is  not  isochronous  the  orbit  is  a  nml- 
tiplex  curve,  where  the  intersection  of  the  orbit  with  the  vertical 
line  through  S  may  be  at  any  angle  whatever,  at  least  within  quite 
a  wide  angle  of  range.  In  Bome  cases  this  orbit  reenters  after 
several  revolutions  depending  on  the  relation  of  »*i  and  r^,  three 
revolutions  whereri  =  lOr,,,  and  the  maximum  range  of  r  in  these 
curves  which  reenter  may  be  great  or  small,  according  to  the  way 
the  curve  or  orbit  is  started,  and  the  tendency  is  to  persist  in  the 
way  in  which  it  is  started ;  and  it  may  be  as  in  Fig.  234  for  one  form. 
From  this  it  would  appear  that  the  governor  should  be  very 
nearly  isociironous,  as  near  as  possible  without  "racing"  fits,  for 
securing  greatest  certainty  of  regularity  of  motion. 

^fr.  Jesse  M.  S?nith.—1  am  surprised  at  the  position'of  the  cnrve 
as  shown  in  Fig.  178,  if  that  curve  was  taken  from  a  horizontal 
engine.  WJiy  the  centre  of  the  inner  curve  should  be  displaced 
horizontally  instead  of  vertically  I  cannot  explain  to  my  satisfac^ 
tion,  unless  it  be  that  there  is  an  unbalanced  valve-stem  or  some 
other  horizontal  force. 

I  had  experience  in  this  matler  in  one  of  the  first  governors 
which  I  designed,  where  there  was  a  valve-stem  about  |  inch 
in  diameter,  tjie  pressure  in  the  valve-ehost  being  90  lbs.  to  100  lbs. 
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That  would  make  a  pressure  on  the 
acting  always  in  the  same  direction, 
valve  very  carefully  while  the  engine 
off  exactly  the  same  at  both  ends,  ■ 
and  workin*;  under  regular  conditione 
bo  very  niueh  larger  than  that  at  the 
that  it  was  the  effect  of  the  40  lbs.  p 
iiig  always  in  the  same  direction  whic 
card  and  lengthened  the  other,  an< 
straight  through,  so  that  it  was  bait 
indic^ator  diagrams  disappeared  iinme 
nor,  as  shown  in  Fig,  228  of  my  ov 
mounted  on  a  shaft,  B,  and  has  a  con 
that  the  effect  of  gravity  on  the  eccei 
noticed  in  this  governor,  and  in  all  goi 
that  the  effect  of  gravity  does  enter,  be 
ing  down  tlie  other  is  pulling  up.  I 
cut  off  the  counter-weight  of  the  eci 
did  not  work  properly,  but  after  it  ws 
worse  than  before.  Thu  indicstor-cai 
weight  back  and  had  better  resolts. 

I  believe  the  displacement  of  the  w 
is  due  to  a  horizoiitat  force  acting 
unbalanced  valve-stem. 

Prof.  J.  B.  Wehb.—l  intended  to  ( 
the  shaft-governor  problem  is  a  eom] 
is  taken  into  account,  and  I  am  glad  t 
men  have  brought  up  different  vie 
necessarily  included  in  any  mathemal 
inertia  is  well  known,  as  are  also  the 
mentioned.  We  cannot  make  a  com; 
without  ])utting  all  these  things  in. 
reference  to  the  spring  which  Mr.  Js 
that  the  ordinary  spiral  spring  has  f 
not  under  tiie  influence  of  centrifugal 
law  that  the  number  of  pounds  reqnii 
as  the  amount  of  extension.  This  is 
account  of  the  fact  that  there  is  son 
spring,  whereas  the  law  supposes  not 
the  spring  is  put  in  a  fly-wheel,  so  tb 
ence  of  centrifugal  force,  there  ensu( 
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'&w.  These  differences,  tliough  small,  may  be  appreciable  in  soine 
Caeee  where  very  exact  adjiistmeiits  are  neceflsary.  The  complete 
■J^rohlem  of  the  effect  oi'  the  centrifugal  force  of  the  mass  of  a  spiral 
ftpring  npon  the  form  of  the  spring  and  upon  its  length  under  » 
given  stretching  force  is  a  complicated  odc.  A  simple  case  hue 
'been  worked  out,  under  my  direction,  by  Messrs,  Willis  and  Wor- 
tendyke  in  their  graduation  thesis,  in  which  a  spiral  spring  lies  in 
the  plane  of  the  wheel,  without  coinciding  necessarily  witli  a  radius, 
and  is  snppoeed  to  remain  straight.  In  the  general  case  the  two 
points  of  attachment  of  tiie  spring  are  not  necessarily  in  the  same 
plane  perpendicular  to  the  axis,  and  the  spring  assuniea  a  curve  be- 
tween these  points.  It  is  only  when  the  spring  is  short  and  stiff 
that  it  may  be  supposed  to  remain  straight.  I  have  analyzed  the 
case  of  an  in.exten«ible  chain  hanging  in  a  fly-wheel ;  the  curve  may 
properly  be  called  a  centi'ifti^al  i:atenary  and  involves  elliptic 
functions.  One  special  form  of  the  curve  is  a  right-line,  another 
the  arc  of  u  circle,  and  a  third  the  form  assumed  by  a  girl's  skipping- 
rope. 

■  This  is  a  very  interesting  paper  of  Prof,  Sweet's  discussing  the 
simple  case  of  a  ball  haJauced  by  a  string.  You  will  find  tlie  same 
supposition  made  in  a  paper  wliich  I  shall  pi-esent  at  this  meeting 
on  the  length  of  an  indioatoi'Kiard.  A  mass  oscillated  by  a  spring 
has  a  very  close  connection  with  a  mass  under  the  influence  ot* 
centrifugal  force. 

As  to  the  curve  deduced  by  Prof.  Sweet,  I  believe  he  has  neg- 
lected to  consider  one  important  thing.  Gravity  acts  throughout 
the  two  lower  quadrants,  as  lie  says,  in  a  direction  away  from  the 
centre,  but  tluit  does  not  prove  that  the  weight  will  ho  moving 
away  from  the  centre  in  both  of  those  quadrants.  Gravity  acta 
always  in  the  downward  direction  on  an  ordinary  pendulum,  bnt 
half  the  time  the  penduhim  is  rising  against  gravity.  !Now,  con- 
sider a  mass  sliding  radially  in  a  fly-wheel  whose  centrifugal  force  ■ 
is  exactly  balanced  in  all  positions  by  a  spring.  Starting  at  the 
highest  point,  gravity  will  act  throughout  the  first  quadrant  to  de- 
crease its  radius,  and  at  the  horizontal  position,  between  the  first 
and  second  quadrants,  the  mass  will  have  acquired  a  velocity  toward 
the  centre.  In  the  second  quadrant  gravity  acts  away  from  the 
centre  and  gradually  reduces  this  velocity,  so  that  at  the  bottom 
point  the  mass  readies  its  nearest  position  to  the  centre.  Then,  in 
the  third  quadrant,  while  gravity  is  still  acting  away  from  the 
centre,  the  mass  acquires  a  velocity  in  the  same  direction   which 
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reacliee  a  mnximntn  at  the  end  of  tlia: 
ieheB  tliroiiglioiit  tlie  fourth  quadraat, 
reaches  its  position  fartliest  from  tlie 
fore,  neglecting  sach  friction  as  tends 
mass,  symmetrical  about  a  vertical  lin 
t)ie  greatest  distance  from  tlie  centre. 

One  word  with  reference  to  the  qiif 
drawing  on  tlie  blackboard.  I  tliinl 
effect  of  inertia  docs  act  on  tho  line 
the  question  to  make  sure  that  I  nnde 
made. 

I  have  worked  on  this  problem  b 
standpoint  it  is  a  beautiful  one. 

With  reference  to  the  effect  of  the 
a  change  in  the  amount  of  this  frictic 
position  of  tlie  governor.  All  the  v 
valve  has  to  go  through  the  eccentric 
work  is  changed  the  reaction  upon  tl 
so  that  the  governor  must  seek  a  new 
Wlien  the  throw  of  the  valve  is  cliauj 
change  in  the  work  needed  to  operate 
is  a  powerful  element,  but  its  effect  i 
may  be  controlled  bj  a  dash-pot. 

Mr.  C.  W.  Barnaby.—l  think  the 
would  also  depend  largely  upon  the  p 
If  tlie  weight  arm  extended  beyond  tl 
considerable  part  of  the  arm  on  the  o 
the  weight,  it  would  have  a  greater  t 
sition  to  the  leverage  indicated  by  ah 
the  weight  side  of  th<i  pivot,  but  still 
and  would  modify  the  effect  indicated 

Prof.  Wehh.—i:\\G  effect  alluded  t 
depends  on  the  proportions  and  posit 
being,  however,  quite  small  in  ordina 
were  pivoted  at  their  centre  of  per 
shaft,  Mr.  Barnaby's  effect  would  ne 
ordinary  oases  the  pivot  is  far  outside 

Prof  .John  E.  Sweet, — Replying  t( 
it  is  only  too  evident  that  Mr.  Armat 
error  as  regards  the  theory,  and  this  I 
upon  oxccj.t  the  fact  that  the  unbalan 
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'  as  to  distnrb  the  valve  motion  of  a  horizontal  engine.  How 
fin  be  80  when  theory  says  the  unbalanced  weight  only  tends 
■ow  the  eccentric  up,  I  can  only  reason  out  in  this  way : 

we  have  shown,  the  action  of  gravity  tends  to  throw  the 
trie  directly  to  one  aide.  The  momentum  it  acqnires  in  one 
er  is  not  overcome  until  the  wheel  has  made  another  quarter 

and  hence  the  limit  of  the  movement  is  reached  when  the 
e  is  at  the  top  ;  but,  as  Prof.  Robinson  has  proven,  a  little 
on  tends  to  throw  the  centre  to  the  left.  So  we  can  well  and 
r  reason  that  if  we  have  just  enough  friction  (as  may  be  the 

to  neutralize  the  momentum,  then  the  disturbance  will  be 
tly  toward  one  side  and  make  the  theory  and  fact  harmonize. 
even  is  of  very  little  consequence  compared  to  the  knowledge 
3  fact  that  we  can  now  understand  why  the  unbalanced  weight 
rbs  the  shifting  eccentric- valve  motion  of  the  engine, 

IE. — This  paper  received  discnsBion  jointl.T  witli  a  paper  entitled  ■'  A  Gov- 
for   Bt«am-EDf  ines "  (No.  400],  b;  Mr.  JeaseM.  Smith,   BDd   another   on 

se  for  Inertia  In  Shaft  Oovernora"  (No.  408),  bf  Hr.  E.  ,1.  Armstrong. 
are  reterenceB,  therefore,  in  the  debate  priaced  with  eacb  paper  to  some 
points  brought  ont  \tj  the  others. — Secretarj/.] 


A  USE  FOR  INEBTU  ] 


CCCCVUl 
A    USE  FOR  IXEJiTIA  IX 


{JoDlor  Hcmber  of  t1 

Is  presenting  this  paper  to  the 
presume  the  ideas  to  be  new  to  all. 
notliitig  new,  except  tliat  which  is  foi 
ive  study  which  lias  been  given  to 
of  engiQe  goveruing,  it  seems  impr 
hare  been  overlooked.  It  has  not,  h 
nized  and  tlie  writer  has  failed  to  fi 
the  subject 

It  seemtt  to  be  demonstrable  that 
clement,  can  be  and  is  made  the  re^ 
functions  of  a  dash-pot.  To  one  1 
shiift  governors,  it  would  at  first  n 
governors  should  be  capable  of  clc 
ducing  an  oscillatorj'  action,  fatal  I 
flj'-weight  moving  a  considerable 
and  friction  reduced  to  insignificai 
aiij  efforts  made  toward  close  regul 
first-chisa  revolving  trip-hammer  woi 
governors  run  smoothly,  even  wh 
isoclirouism,  witliin  one-half  of  one  j 

The  reason  for  this  steadiness  r 
cnmstancea  soeras  to  be  about  jis  fol 
engaged  in  its  taak  of  controlling  the 
at  11  variable  Kpeed,  resulting  from  i( 
able  size;  tliis  change  in  velocity  is 
pending,  of  course,  un  tbe  amount  ( 
rotative  speed :  to  take  an  example 
— a  fly-weight  is  16;  inches  from  t 
"in,"  and  20}  inches  when  "out,"  m 
minute,  a  difference  in  velocity  of  li 
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"the  fly-weight  takes  a  new  position  it  must  change  its  speed — 
snast  either  move  faster  or  slower,  be  accelerated  or  retarded,  and 
«ither  absorb  or  give  out  power — somewhere.  This  resistance  to 
a  change  in  velocity  acts  at  right  angles  to  a  radial  line  drawn 
through  the  centre  of  gravity  of  the  weight,  and  if  the  weight 
were  pivoted  so  as  to  move  radiallj-,  as  in  Fig.  222,  the  only  result 
would  be  to  put  a  pressure  on  the  pivot.  If  the  flyweight  is 
so  pivoted  as  to  move  at  an  angle  to  a  radial  line,  as  in  Fig.  223,  so 
that  in  its  outward  movement  it  goes  toward  the  way  the  wheel 


Fro.  323. 


rotates,  then  the  outward  movement  of  the  fiy-weight  will  be 
opposed,  to  some  extent,  by  this  resistance  to  acceleration,  de- 
pending on  the  angle  which  the  line  of  movement  forms  to  a 
radial  line — or,  to  put  it  another  way — upon  the  length  of  the 
lever  arm  ah,  ca  beiug  tiie  line  of  resistance,  and  h  the  fly-weight 
pivot.  When  the  weight  moves  toward  the  shaft,  the  action  is 
the  same.  It  has  to  part  with  some  of  its  momentum,  and  so 
hangs  back,  as  in  its  outward  movement,  thus  making,  similarly 
to  a  dash-pot,  a  resistance  to  movement  in  both  directions,  which 
can  only  be  overcome  quickly  by  a  great  force,  or  by  a  small  one 
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slowly ;  this  resistance  incresBea  oa 
which  is  till  which  is  accompligliec 
Fig.  22 1  shows  a  fly- weight  pivoted 
to  a  radial  line,  bat  in  the  opposit 
number  of  goTemors  have  been  eor 
the  idea  that  any  sudden  jumping  a1 
fly-weiglit  behind,  throwing  it  outwa 
or  vice  versa,  in  case  of  a  sudden  rel 
whole  scheme  being  to  make  the 
changes  in  speed.  In  the  variable  ' 
may  find  the  reason  why  these  attemp 
cessful.  As  the  fly-weight  starts  to  | 
due  to  its  distance  from  the  abaft ;  beii 
freely,  there  is  nothing  to  give  it  tL 
increasing  distance  from  the  shaft 
the  end  of  its  movement,  with  a  slai 
designer.  Then,  when  it  starts  to  | 
high  velocity,  and  does  not  part  wit 
Of  course  a  dash-pot  will  cure  it ;  bi 
build  governors  tliat  way?  At  the  h 
tion  was  made  of  the  absence  of  frict 
tion.  Of  course  any  considerable  fri 
a  serious  fuult,  but  a  small  amount,  si 
governors  under  the  most  favorable  c 
be  rather  of  advantage ;  the  friction  ai 
connections  are  usually  sufficient  tc 
movement  in  the  governor,  and  whi 
weight  will  move  very  easily  if  it  on 
coming  into  full  effect  should  the  w 
change  of  base.  This  of  course  does 
to  those  governors  liaving  a  locking  oi 
enccd  by  valve  friction  or  inertia. 


DIECUSSIOH 

J/"/-.  Fm>d:  IT.  Ball— I  wish  to  co 
paper  on  liia  clear  presentation  of  a  sii 
generally  overlooked  by  engine  desig 
his  theory  and  conclusions,  but  not  liH' 
gome  of  liie  conclusions  seem  to  me  to 
illustrations,  Figs.  222,  223,  and  224,  ( 
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the  line  AC,  or  at  right  angles  to  tlie  radius,  is  produced  by  one  of 
.two  caaseB,  or  by  their  joint  action.  These  eatises  we  will  analyze 
and  will  designate  thera  as  Cause  First  and  Cause  Second, 

Cacsb  F1K8T. — When  a  L'Uaiige  in  the  rate  of  rotation  ttd^ee  place 
without  a  radial  movement  of  the  weight,  the  effect  of  inertia  is 
felt  on  the  line  A  C  (Fig.  223). 

Cause  Second. — When  a  radial  movement  of  the  weight  takes 
place  with  or  without  a  change  of  the  rate  of  rotation,  the  efEect  of 
inertia  is  felt  on  AGy  or  a  line  at  right  angles  to  the  radius, 
.  The  theory  set  forth  in  this  paper  is  quite  correct  as  to  the 
effects  of  inertia  duo  to  Cause  Second,  hut  let  us  see  how  it  ap- 
plies to  Cause  First. 

First  let  it  be  tinderetood  tliat  inasmuch  as  centrifugal  governors 
depend  solely  on  a  slight  change  of  speed  for  their  power  to  act 
we  always  have  Cause  Fii'st  to  deal  with  firet. 

To  illnstrate:  suppose  the  engine  referred  to  as  running  at 
220  revolutions  per  minute  he  suddenly  reHeved  of  its  load.  '  The 
consequent  acceleration  of  speed  will  increase  the  centrifngal  force 
of  the  governor  weights,  which  in  turn  will  move  outward  and 
.reduce  the  steam  supply.  Let  us  suppose  at  221  revolutions  the 
increased  centrifugal  forte  is  sufficient  to  overcome  frictional  re- 
sistance. But  with  the  arrangement  shown  in  Fig.  223,  the  inertia 
of  weight  due  to  accelerating  rate  of  rotation,  or  Cause  First,  acting 
toward  C,  also  ojiposes  the  outward  tnovernent  of  weight.  There- 
fore the  rate  of  revolution  must  still  further  increase  until  an  ad- 
ditional amount  of  centrifugal  force  shall  overcome  both  these 
obstacles  to  radial  movement.  Suppose  an  additional  increase  of 
speed  of  one  revolution  per  minute  will  suffice  to  overcome  the 
inertia  due  to  Cause  First  acting  toward  C.  We  then  have  the 
following: 

Normal  speed 280 

Acct^lerftled  speed  necessary  to  overcome  friction 331 

Further  accplerali'm  11  i^cfSsary  to  overcome  the  inertia  of  accelera- 
tion produted  by  Cause  First 323 

Applying  tiie  same  reasoning  to  Fig.  224,  we  see  that  the  inertia 
of  weight  due  to  Cause  First  acts  in  the  direction  of  centrifugal 
force,  and  jointly,  they  must  produce  radial  motion  with  a  much 
smaller  change  of  speed  than  with  the  other  arrangement.  So  far, 
then,  the  better  performance  is  with  Fig.  224.  The  instant  radial 
motion  begins  the  inertia  due  to  Cause  Second  is  felt,  and  then,  as 
llr.  Armstrong  has  clearly  shown,  the  better  performance  is  with 
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Fig.  223,  because  of  the  poseibility  of 
ieocIiroDoiis  without  instability.  The 
rangementB  is  tliereforc  betweoD  the  i 
224,  and  t)ie  more  perfect  or  ieochronoi 
The  etiect  of  inertia  due  to  Cause  Se 
t)ie  effet;t  of  a  dasli-pot,  but  the  initia 
differs  greatlr,  beeause  inertia  not  onl, 
motion,  but  it  exerts  a  positive  effort  t 
tioii,  thus  preventing  the  slightest  mc 
resistance  is  wholly  overcome  by  inore 
choosing  between  the  two  arrangerner 
221,  tlie  only  point  in  favor  of  223  is  t 
by  Mr.  Armstrong,  which  is  obtained  a 
promptness  of  action,  as  has  been  aho 
ability  of  this  dash-pot  effect,  and  s 
thinks  it  wortli  the  sacrifice  in  the  v. 
he  thinks  this  sacrifice  less  objectionabh 
Let  us  examine  this  further,  first  at 
effect  is  as  satisfactorily  obtained  wit 
arrangement  shown  in  Fig.  223.  Sn| 
tached  to  the  weight  or  weight-arm  ; 
we  have  the  daeh-pot  effect  adjustable 
and,  combined  with  it,  the  most  &vor 
action,  as  against  the  arbitrary  and  una 
Fig,  223,  combined  with  more  nnfavor 
neaa  of  action.  Stopping  right  here,  tl 
with  the  dash-pot.  As  against  the  da 
ditional  cost,  complication,  and  care.  " 
rigidly  to  the  moving  parts  of  the  go( 
case,  other  questions  arise.  For  instar 
force  beneficial,  or  wliat  are  its  useful 
of  a  dash-pot  is  to  offer  resistance  to  rs 
tion.  Disregarding  friction,  this  resis 
size  of  orifice  in  piston,  through  which 
and  with  openings  of  all  sizes  the  res 
very  slow  rate  of  motion.  The  nearo 
in  the  adjustment  of  the  governor,  the 
peiided  on  for  stability,  and  the  smaller 
A  difScnltj  is  here  encountered,  for  in 
the  slower  motion  of  piston,  if  attachei 
weight-iirm,  produces  a  sluggish  motion 
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cully  prevents  wide  tmd  sudden  radial  motion,  wliieh  is  necessary 
luider  sikdden  changes  uf  load.  It  is  probable,  however,  that  a 
dash-pot  tiScct  equal  to  that  obtained  in  Fig.  223  could  ho  satis- 
factorily used,  although  a  much  nearer  approach  to  iBoohronisrn 
may  not,  in  practice,  give  satisfactory  reenlts. 

Fig.  247  fhowa  anotlier  application  of  the  dash-put  which  com- 
bines other  features. 

In  this  case  the  pivot  of  weight  is  relatively  the  same  as  in  Fig. 
224  in  respect  to  the  effect  of  inertia,  except  that  the  outward  move- 
ment of  weif^lit  decreases  the  inertia  effect  by  bringing  the  pivot 
more  nearly  at  right  angles  to  the  radius,  which  would  seem  to  be 
better  than  the  opposite  condition  of  Fig.  224,  because  the  oi'tward 


movement  o.'  the  weiglit  is  more  likely  to  be  too  rapid  than  the  in- 
ward movement,  for  reasons  which  need  not  here  be  mentioned. 
The  dash-pot  here  shown  is  connected  with  the  weight-arm  by  means 
of  a  spring,  arranged  for  either  extension  or  compression,  and  hav- 
ing a  range  of  deflection  sufficient  to  allow  the  extreme  motion  of 
governing  mechanism  without  any  motion  of  the  piston  whatever. 
Tiie  piston  orifice  is  supposed  to  be  sufliciently  small  to  insure  a 
very  moderate  rate  of  piston  movement.  The  dash-pot  spring  is 
supposed  to  offer  only  sufficient  resistance  to  radial  motion  of  the 
weights  to  insure  stability  when  the  governor  is  adjusted  to  perfect 
isochronism.  "With  this  arrangement  the  effect  produced  when 
radial  motion  occurs  is  not  strictly  a  dash-pot  etFeet,  as  the  dash- 
pot  need  not  necessarily  act.     Until  piston  movement  occurs  the 
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effect  is  only  that  produced  by  deflecting 
having  no  initiitl  tension,  compels  stabi 
for  the  iiiomcDt  "  non  iBochronous,"  ' 
8honld  occur  ahnost  etmnltaneouBly,  rel 
its  tension,  and  leaves  the  governor  i: 
simply  having  prevented  instability  ar 
radial  movemcnta  for  that  purpose  on 
determined  by  the  balanced  ccntrifuga] 
justed  to  ieochronism. 

Mr,  Ezra  Fawcett. — In  my  experii 


and  facing  the  usual  trials  incident  to  : 
set  about  designing  a  governor  whicl 
difficulties.  My  plan  was  to  project  the 
to  that  shown  in  Fig.  223,  such  that  tl 
and  velocity  which  should  vary  the  le 
centric,  and  weight  were  in  one  caatin 
springs  was  at  the  extreme  puiiits  of  th« 
this  cause  ceased,  aiiil  a  variation  of  Icf 
secured,  and  no  perceptible  variation  c 
pressure. 
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One  pecnliar  point  observed  wiis  tliat  the  speed  conld  not  be  re- 
duced inncii  less  than  the  normal  rate  of  400  revolntiung  per  minute, 
with  a  governor-case  of  17  inches  diameter,  path  of  fly-weighta  12 
and  14  inclies  in  diameter,  by  adding  to  or  reducing  tlie  weight  and 
strength  of  springs,  provided  only  they  were  sufficient  properly  to 
work  the  eccentric  and  valve. 

Mr.  Jesse  M.  Smith. — I  was  very  much  interested  in  Mr.  Ann- 
strong's  paper,  and  looked  into  it  quite  carefully.  In  Figs.  233,  239, 
and  240  are  shown  the  three  cases  given  in  Figs.  222,  223,'  224  by 
Mr.  Armstrong,  In  all  cases  the  fiy-weight  has  two  disiinut  motions, 
one  of  rotation  about  the  centre  of  the  shaft,  and  one  of  rotation  about 
the  centre  of  SQspeusion  b.  Either  ov  botli  motions  may  be  constant 
or  variable,  and  they  may  occur  at  the  same  time  or  d  iffercnt  times. 

Suppose,  first.-;— No  motion  about  h  and  a  constant  motion  about 
shaft  0  ;  there  is  evidently  uo  force  of  inertia  developed. 

Second, — No  motion  about  b  and  a  variably  increasing  motion 
about  O ;  the  force  of  inertia  will  then  act  in  the  opposite  direc- 
tion to  the  rotation,  and  at  right  angles  to  a  radius  passing  through 
the  centre  of  gravity  of  the  M-eight  and  the  centre  0. 

Third. — No  motion  about  b  iind  a  decreasing  motion  about  0  ;  the 
inertia  will  then  act  at  right  angles  to  the  radius,  but  in  the  samo 
direction  as  the  rotation  about  O. 

In  these  two  last  cases  the  inertia  acts  just  as  stated  by  Mr. 
Armstrong, 

Fourtli.— Motion  about  b  outward,  and  increasing  motion  about 
O. 

Suppose  in  Fig.  238  that  wliile  the  weight  moves  from  c  to  c'  about 
b  it  also  revolves  about  0  through  45°;  the 
weight  will  then  travel  on  a  curve,  C(7",whose 
form  will  depend  on  the  binds  of  motion 
about  h  and  0. 

Now,  a  weight  travelling  with  a  variable 
motion  on  a  cnrvcd  path  develops  a  force 
of  inertia  whicii  is  tangent  to  the  curve,  and 
a  centrifugal  force  which  is  normal  to  the 
curve  .'It  the  point  occupied  by  the  weight. 

Suppose,  to  simplify  the  (juestlon,  the 
curve  cc"  is  a  circle  having  its  centre  at  O', 
and  that  tiie  motion  is  increasing  ;  the  force  of  inertia  will  be  in 
the  direction  of  line  ac,  and  will  act  backward  on  the  lover  arm 
ab,  and  not  directly  on    the  pivot,  as  stated   by  Mr.  Armstrong. 
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The  force  of  inertia  will  tend  to  Iiolc 
it  move  more  alowly.  In  the  case  el 
aaiue  siippoRitiun  of  an  increasing  moti 
tia  acts  in  tlie  Bamc  wny,  but  has  » louge 
shown  in  Fig.  240,  under  the  aanie  snp 
paBseB  nearly  through  the  centre  h,  am 
move  the  weight  in  the  same  direction 
it  actg  with  much  leas  effect  than  wonld 
Armstrong's  statement.  It  will  be  se 
tion  this  gets  to  be  if  so  attempt  is  ma' 
of  practice  and  how  very  different  the 
ent  conditions. 
The  rate  of  rotation  abunt  the  shaft  i 


Fio.  289. 


wlieel,  the  rate  and  amount  of  change  ( 
of  the  governor. 

The  rate  of  motion  abont  the  pivot 
friction  of  the  governor  joints  and  the 

Each  one  of  tiiese  causes  has  its  eff( 
Btant  or  controllable.  If,  however,  fr 
mum  and  heavy  fly-wheels  are  used, 
governor  parts  to  change  position  act  si 
new  positions  promptly,  bnt  slowly, 
are  not  developed  to  an  objectionable 

Mr.  C.  M.  jr.  Smith.—Ui.  Armst 
cases  in  his  paper.  But  I  believe 
omitted,  and  with  your  permission  I 
board  to  represent  it.  Now,  yon  will 
weight  moves  outward  the  arm  <A 
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«Bly  thiB,  but  the  inertis  of  the  weight  aleo  increases,  and  so  wo 
Tiave  two  increaBing  elements,  whicli  tend  to  resist  the  weiglit  as  it 
moveB  ootward.  Now,  in  Fig,  241,  as 
the  weiglit  moves  outward  the  inertia 
increaBes,  but  the  arm  ah  decreases. 
Now,  what  I  am  getting  at  is  tiiit!,  and 
I  wish  to  make  this  point,  that  the  arm 
ai  should  be  of  such  a  length — that  is, 
the  forces  shoiihl  be  in  such  a  relation — 
that  the  inertia  will  overcome  the  fric- 
tion of  the  governor,  thus  having  a 
governor  practically  without  friction. 

He  mentions  the  fact  in  his  paper, 
that  a  little  friction  is  a  good  thing,  but 
■we  cannot  control  this  amount  of  friction, ; 

the  governor  does  what  is  called  sticking,  caused  by  bad  lubrica- 
tion and  neglect,  and  the  engine  must  increase  many  revolutions 
in  order  to  overcome  this  sticking,  and  when  the  weight  does  start 
it  goes  to  its  outer  position  with  a  slam.  Now,  by  arranging  the 
arms  in  this  relation  (Fig.  241)  the  friction  can  be  overcome, 
because  the  inertia  can  be  so  proportioned  that  it  overcomes  the 
diminishing  in  lengtli  of  the  lover  arm  ah. 

Tliere  is  a  governor  in  existence  where  the  centrifugal  force  of 
the  weight  is  exactly  opposed  by  the  pull  of  the  spring.  A  dash- 
pot  Jind  a  secondary  spring  are  attached  to  resist  the  motion,  so 
that  isoelironisin  can  exist.  What  I  have  said  is  what  I  have 
learned  from  experience  with  different  classes  of  governors. 

Mr.  Jesse  M.  Smith.^-I  would  ask  Mr.  C.  M.  W.  Smith  in  what 
direction — titking  iiis  figure  on  the  board — in  what  direction  the 
force  of  intrtia  acts,  or  in  what  direction  he  considers  that  it 
acts  ? 

Mr.  C.  M.  ir.  Smith — As  the  arrow  indicates,  the  wheel  is 
moving  in  tliat  direction.  The  inertia  holds  the  weight  back — that 
IS,  it  mnst  overcome  the  increase  in  speed. 

It  takes  power  to  increase  the  speed  of  the  weight  as  it  flies  off 
from  tJic  centre,  and  this  pulls  back  on  the  weight. 

Mr.  Jesse  M.  Smith. — I  do  not  think  that  Mr.  Smith  quite  gets 
my  idea.  I  would  like  to  know  in  what  direction  the  force  of 
inertia  acts,  wliether  it  acts  at  right  angles  to  a  line  drawn  through 
the  centre  of  the  weight  and  centre  of  rotation,  or  in  a  different 
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Fig.  281. 


Mr.  (7.   IF.  Barndby. — As  I  see  it  now,  I  think  there  would  be 
two  tendencies  to  take  into  consideration  in  considering  the  action 

of  the   wei^lit  arm  under  the 
conditions  Mr.  Smith  rufen  to. 
In  the  first  place,  if  the  rotft- 
tion  of  tlie  governor-wheel  is  re- 
tarded, the  go venior-ball,  revolv- 
ing within  the  pivot  a  (Fig.  281), 
might,  as  Mr.  Smith  has  stated, 
have  a  tendency  to  move  ahead 
toward  ft,  acting  on  the  leverage 
ah  to  rotate  the  weighted  arm  on 
its  pivot  a  J  but  there  is  another 
effect  to  be  taken  into  considera- 
tion, I  think,  and  that  is  the  ro- 
tation of  the  weighted  arm  about 
its  own  centre  of  gravity.    Of 
course  this  arm  in   making  one  revolution  around  the  centre  of 
rotatirm  of  the  wheel  makes  one  revolution  upon  its  own  centre  of 
gravity.     If  the  rotation  of  the  wheel  is  checked,  the  weighted  arm 
itself  would  have  a  tendency  to  continue  revolving  in  the  same 
direction  with  unchanged  velocity,  upon  its  centre  of  gravity,  which 
would  tend  to  move  the  weight  from  ft,  or  in  the  opposite  direction 
to  the  first  tendency  considered. 

The  actual  effect  upon  the  weighted  arm  would  be  the  resultant 
force  due  to  these  two  effects.  There  is,  I  think,  a  certain  cirde 
within  the  pivot  a  at  which  these  two  effects  upon  the  weighted 
arm  would  just  balance  each  other,  but  when  the  weight  was 
revolving  inside  of  that  circle,  the  result  of  any  check  in  the  speed 
of  the  governor-wheel  would  bo  to  throw  the  weighted  arm  still 
further  in,  and  when  revolving  outside  of  that  circle  the  weighted 
arm  would  be  thrown  further  out,  although  the  leverage  oft,  as 
indicated  by  Mr.  Smith,  might  show  the  opposite  result  at  this 
point. 

Prof.  J.  B.  Wehb. — Are  we  to  understand  that  the  previoua 
speaker  said  that  the  increase  of  speed  would  prevent  the  ball 
going  out — that  is,  that  the  effect  of  inertia  and  the  increase  of 
speed  would  be  to  hold  the  ball  in  ? 

Mr,  C.  2L  W.  Smith. — I  did  not  mean  to  say  that,  because  it  acts 
on  the  arm  ah  and  would  tend  to  throw  the  ball  out  and  OYercome 
the  friction  of  the  governor. 
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Mr.  Jesse  M.  Smith. — The  <]nestion  is,  Does  it  act  on  tlie  arm 
nhf 

Mr.  C.  S.  Dutton. — I  would  like  to  ask  the  speaker  if  we  under- 
stand hiiD  to  saj  that  a  governor  is  in  existence  which  does  inain- 
tflin  an  absolute  speed!  I  understood  him  to  say  something  to 
that  effect,  I  am  reminded  a  good  deal  of  what  a  friend  of  mine, 
a  member  of  this  Society,  said  in  regard  to  a  telephone.  lie  was 
bnilding  a  little  telephone  for  use  in  his  own  honse  and  experi- 
menting with  it,  and  dnring  that  time — it  ttss  several  years  ago, 
in  the  early  history  of  the  telephone — heing  in  Cleveland,  he  went 
into  the  Electrical  Supply  Co.'s  place  to  get  some  supplies  of  wire 
and  one  thing  and  another,  and  meeting  Mr.  Brush  had  some  talk 
with  him  on  various  matters,  and  among  other  things  mentioned 
to  him  that  lie  had  made  a  little  telephone  in  hfs  house,  and  that 
to  his  surprise  it  worked  very  nicely.  Mr.  Brush  said :  "  Well, 
now,  if  you  told  me  that  you  iiad  made  a  telephone  and  it  did 
not  work  I  would  have  been  very  mudi  surprised." 

Mr.  Jesse  M.  Smith. — I  did  not  wish  to  have  Mr.  Dutton  or  any 
of  the  gentlemen  here  present  think  that  there  was  a  governor  in 
existenue  which  would  prevent  some  change  in  speed.  I  am  pain- 
fully aware  of  the  fact  myself,  and  I  think  that  any  one  who  has 
designed  a  shaft-governor  and  brought  it  out,  ho  that  it  is  commer- 
cially satisfactory,  has  been  painfully  aware  of  the  many  inistbr- 
tunes  which  a  governor  must  meet  before  it  arrives  at  that  point. 

Mr.  E.  J.  Armstrong, — The  point  raised  by  Mr.  Ball  is  rather  hard 
to  reply  to  from  a  purely  theoretical  standpoint ;  the  effect  is,  as  he 
has  pointed  out,  to  make  t)ie  governor  tardy,  hut  it  is,  I  believe,  always 
found  best  to  have  a  much  slower  movement  of  the  fiy-weight  than 
tlieory,  as  usually  elaborated,  would  indicate  ;  and  ils  the  governor 
under  discussion  attends  to  its  business  about  as  closely  as  any,  pos- 
sibly  the  tardiness  referred  to  is  quite  within  the  limits  of  good  gov- 
erning. If  a  governor  will,  as  this  one  docs,  move  from  one  extreme 
to  tiie  other  in  less  than  a  second,  when  the  whole  load  is  instantly 
thrown  off  or  on,  it  is  probably  about  as  quick  as  it  can  be  and 
retain  its  stability.  In  those  examples  of  the  dash-pot  governor 
described  by  Mr.  Ball  which  I  have  had  the  pleasure  of  examin- 
ing, the  auxiliary  spring  connecting  the  fly-weight  and  dash-pot 
has  been  so  large  and  stiii'  that  it  is  hard  to  see  any  essential  dif- 
ference between  it  and  a  rigid  connection,  which  goes  to  show 
that  some  tardiness  is  not  objected  to  in  that  governor,  for  it  muBt 
take   some  force  to  bend  that  stiff  spring.     With  regard  to  Mr. 


1080  A  USE  FOR  INERTIA  IN  SHAFT  GOVERNORS. 

Jesse  M.  Smith's  statement  that  the  inertia  acts  tangent  to  the 
curve  described  by  the  fly-weight  in  its  outward  or  inward  move- 
ment, and  not  at  right  angles  to  its  radias,  tliis  curved  path  Ib 
the  result  of  two  motions — one  around  tlie  wheel,  and  the  other  in 
or  out  from  its  centre.  This  inertia  effect  is  caased  by  the  changing 
velocity  of  the  weight  caused    by  a   radial  movement.    The  ve- 
locity changes  in  a  direction  not  tangent  to  the  curve  the  weight 
may  be  describing,  but  at  right  angles  to  its  radius ;  consequently 
inertia  will  act  on  this  line,  and  not  tangent  to  the  curve.    The 
point  may  be  clearer  if  we  conceive  the  radial  velocity  to  be  very 
high,  so  that  the  curve  becomes  almost  a  radial  line.    Surely  no  one 
would  contend  that  the  inertia  effect  would  be  tangent  to  such  a  line. 
Mr.  C.  M.  W.  Smith  has  shown  (Fig.  241)  an  arrangement  of 
parts  similar  to  Fig.  224.     The  direction  in  which  the  leverage  in- 
creases is  of  little  moment,  for  the  fly-weight  has  to  go  in  as  well 
as  out ;  and,  under  the  same  conditions,  I  must  disagree  with  hi« 
statement  that ''  the  forces  should  be  in  such  a  relation  that  the 
inertia  will  overcome  the  friction  of  the  governor,  thus  having  a 
governor  practically  without  friction."     It  is  impossible  to  balance 
friction,  a  presumably  constant  quantity,  by  the  inertia  of  the  fly- 
weight, which  changes  with  its  velocity.     Then,  too,  this  inertia 
force  does  not  exist  until  the  weight  has  moved,  and  the  force  he 
would  have  overcome  friction  is  not  generated  until  after  the  fric- 
tion has  been  overcome.    I  would  suggest  that  a  govemor  built  on 
that  plan  would  require  an  exceedingly  business-like  dash-pot  to 
control  it.     Mr.  Smith  has  also  made  the  evident  error  of  prepum- 
ing  this  inertia  force  to  be  greater  as  the  fly-weight  goes  farther 
from  the  centre  of  the  shaft ;  a  little  consideration  will  show  that 
radial  distance  has  no  effect.     The  radial  velocity  and  the  rate  of 
rotation  are  the  onlj'  factors ;  these  being  constant,  the  acceleration 
of  the  fly-weight  will  be  the  same  whether  its  radius  be  an  inch  or 
ten  feet.     After  all,  fly-wheel  governors  are  hard  things  to  theorize 
about — there  are  so  many  unknown  quantities  among  the  factors. 
That  the  governor  with  the  fewest  parts  and  most  severe  mechani- 
cal simplicity  should  do  what  others  require  so  much  complication 
to  peiform,  would  seem  to  be  evidence  of  its  correot  design. 

[Note. — This  paper  received  discussion  jointly  with  a  paper  on  the  effect  of  an 
unbalanced  eccentric,  hj  Prof.  J.  £.  Sweet  (No.  407),  and  another  by  Mr.  Jeaie 
M.  Smith,  entitled  '*  A  Governor  for  Steam-Enginea "  (No.  400).  There  an. 
therefore,  references  in  the  debate  printed  with  each  paper  to  some  of  the  polntl 
brought  out  by  the  others.— iSecr^ry.] 
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A  GOVERHOB  FOB  STEAM-ENGINES. 

■I  JI>»  X.  BMITH,  DITBuIT,  MICH. 

(HemlMr  ot  lh<  Botietj.) 

The  goTemor,  which  is  the  sabject  of  thia  paper,  was  designed 
on  the  busis  of  the  foUowing  propositions : 

First. — A  governor  to  be  seaBitire  must  be  as  free  aa  possible 
of  friction. 

Second. — To  be  powerful  the  forces  wliich  are  in  equilibrium 
must  be  large  compared  to  the  resistance  of  the  valve  to  be  moved . 

Third, — In  order  that  the  shaft  may  not  be  thrown  out  of 
balance  by  change  of  position  of  tlie  governor  weights,  tlicse 
weights  must  be  Bymmetrical. 

Fourth. — That  the  engine  may  make  long  runs  the  joints  of  the 
governor  must  be  so  constructed  as  not  to  require  oil,  or  be  capa- 
ble of  lubrication  while  in  motion. 

The  centrifugiil  governor  has  assumed  an  almost  infinite  variety 
of  forms,  from  the  flj-balls  of  Watt  to  the  shaft  governor  of  the 
modern  high-speed  engine.  In  all  forms,  however,  the  motive 
power  is  the  centiifugal  force  of  a  weight.  The  centripetal  force, 
which  equalizes  tlie  centrifugal  force  of  this  weight,  has  been 
supplied  by  gravity,  by  the  pull  of  the  main  belt,  by  springs,  by 
inertia  rings,  and  by  the  centrifugal  force  of  other  weights. 

Various  devices  have  been  added  to  prevent  or  modify  the 
"racing"  of  governors  due  to  too  sensitive  adjustment  or  friction 
in  the  joints.  Air  and  fluid  dash-pots,  connecfed  directly  and 
through  springs  to  tiie  moving  parts  of  the  governor,  have  long 
been  used  with  more  or  less  benefit. 

The  lamented  John  C.  Hoadley  was  among  the  earliest  to 
design  a  shaft  governor  in  which  the  valve  was  actuated  as  well 
as  regulated  hy  the  governor.  He  has  had  many  followers  who 
have  profited  by  his  experience  and  added  their  mite,  until  we 
have  to-day  many  governors  which  give  excellent  results.  In 
every  governor  the  forces  aie  in  equilibrium,  just  as  the  weights 
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on  a  scale  beam  are  in  balance ;  an 
is  disturbed  by  cbange  of  speed  the 
whicb  (Ley  will  be  ngain  in  equilibriu 
the  promptness  with  which  the  par 
depends,  not  upon  the  resistance  of 
the  parts  which  are  constantly  in  mo 
nor  to  the  weights,  nor  springs,  but 
which  were  at  rest  relative  to  each 
of  the  joints  of  the  governor  propel 
disk  and  ending  with  the  flying  weigl 

The  friction  of  the  valve,  valve  cou 
taken  as  a  whole,  is  a  variable  qua: 
maximum  and  back  to  zero  twice  in 
value,  however,  is,  or  may  be  made, 
modes  of  lubrication  in  general  use. 

The  friction  of  the  joints  of  the  go' 

With  a  constant  lond  and  steam 
certain  position,  and  do  not  leave 
change  of  load  or  steam  pressure  ts 
in  relative  rest,  they  adhere  to  each 
oil  becomes  gnmmy  or  scarce,  as  it 
adhere  quite  firmly.  When  the  cha 
overcome  this  friciwn  of  rest,  but  th 
fnction  is  greatly  reduced,  and  the 
friction  are  unbalanced,  and  the  w 
proper  position.  In  the  effort  to  ove 
has  changed  from  the  normal,  and 
they  move  too  far  and  allow  the  spe 
direction.  We  then  have  "racing" 
ing  as  the  joints  are  well  or  poorly  1 
of  the  joints  of  the  governor,  and 
and  connections,  which  prevents  the 
nor,  or  an  adjustment  of  spring  close 

In  a  successful  governor  for  close 
essary  that  friction  of  tlie  joints  be  s 
started,  hut  that  it  will  remain  small 
or  aOO  hours.  It  is  therefore  very 
made  so  as  to  require  little  oil,  or  be 
tively,  while  in  motion. 

Tlio  governor,  which  is  the  subjecl 
in  1883,  and  has  been  applied  to  a  ni 
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ADced  as  well  as  balanced  valvee.     It  ia  Bbown  in  F^.  228  and 
229. 

A  small  shaft  B  is  joarnaled  in  the  hnb  of  the  flj-wheel,  and 
is  parallel  to  the  main  shaft.  The  eccentric,  whose  centre  is  at 
D,  is  fixed  to  one  end  of  the  shaft  B^  and  the  cross-arm  d  to  the 
other.     The  centre  of  the  eccentric   may  thus   move   about  B, 


across  the  shaft,  and  produce  the  variable  valve  motion.  Each 
end  of  the  cross-arm  d  is  connected  by  a  link  (7  to  an  arm  c, 
pivoted  at  P.  The  flying  weight  W  fixed  to  the  arm  a,  also 
pivoted  at  P,  tends  to  move  outward  as  the  speed  increases. 
It  is  resisted  by  a  weight  £' acting  on  the  arm  h,  also  pivoted  at 
P,  which  moves  inward  when  ir  moves  outward.  The  spring  S, 
whose  axis  is  radial,  also  acts  on  arm  J,  and  assists  the  weight 
E  to  urge  11'  inward.  The  valve  resistance  Y  also  assists  the 
weight  £.     The  arms  ah  c  are  all   formed  in  one   piece.     The 
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weiglitR  ir  and  E  and  Bpriog  >!?  mo'' 
rndii  troiu  the  centre  of  rotation, 
the 
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small  pipe  extending  from  the  cen< 
middle  of  shaft  B,  bo  that  the  fricti 
verj'  small  amount  This  govemor 
tither  direc  tion  The  forces  being 
the  following  eqnations 

Ui?V'  Fa^ErU*  Fh  +  Sh 

WB-A'-'Fa  =  Er'N'^Fh-^-Sh 

In  which 

N  =  Maximum  revolntionB  per  mini 

N'=  Minimum  "  "        " 

R  =  Distance  from  centre  of  weigi 

H  rev. 
R=  Same  at  N'  rev, 
r   =  \  )istauce  from  centre  of  weigl 

3'  rev. 
r'  =  Same  at  3"  rev. 
S   =  Tension  of  spring  at  JV^rev. 
5"  =        "         "        "       "  A''  rev. 
V  =  Kesislance  of  valve  and  its  pai 

centric  D. 
F  =  Centrifugal  force  of  1  lb.  1  inc] 


A  GOVEBNOE   FOR  STEAM-ESGINE3. 


1085 


^I'he  first  Bide  of  the  equations  representa  the  moment  of  tlie 
centrifiigal  force  of  W  about  pivot  P.  The  second  side  repre- 
sents tlie  moment  of  the  ceutrtpetal  forces  about  the  same  point. 
Sappose,  now,  the  parts  to  be  so  chosen  that  the  centrifugal 
force  of  the  weight  E,  due  to  increase  of  speed,  shall  be  just  equal 
to  the  decrease  of  centrifugal  force,  due  to  the  weight  JF  luoviug 
nearer  to  the  centre;  then 

rN'  =  r-jy 

iV"     , 

Subtract  eqcation  (2)  from  equation  (1) : 

WjRN'Fa-  WRN' ^Fa  =  {S-  A" )  &,    Eq uation  (3). 

The  weight  ^  may  evidently  be  so  chosen  that  in  eqnation 
(2)  the  teueioQ  of  the  spring  may  be  zero.  Tliat  ia,  the  initial 
tension  £*  =  0. 

From  equation  (3)  we  then  get : 

whicit  means  that  the  spring  has  only  to  take  ap  ihe  dtff'erence  of 
centrifugal  force  of  the  weight  If  in  its  inner  and  outer  positions, 
instead  of  tlie  whole  of  that  force,  as  in  most  governors.  The 
spring  may  therefore  be  small  and  short,  and  still  not  be  strained 
to  such  an  extent  as  to  fatigue  the  metal,  A  common  compres- 
sion spring,  such  as  is  in  use  under  cars,  has  been  used,  and  it  is 
found  simple  and  effective.  If  a  spring  breaks,  the  engine  stops. 
The  initial  tension  of  the  spring,  which  is  what  supplies  the 
greater  part  of  the  centripetal  force  in  most  governors,  is  here  re- 
placed by  the  centiifugal  force  of  the  weight  F,  which  force  is 
practically  constant  within  tiie  range  of  speed  variation.  It  may 
be  urged  that  the  inertia  of  the  weight  F  will  retard  the  action  of 
the  governor,  and  when  it  is  in  motion  carry  the  weight  too  far, 
and  thus  be  a  detriment.  On  the  other  hand,  the  inertia  of  j? 
and  IV  tends  to  prevent  the  change  of  position  of  the  parts,  due 
to  the  rapid  and  great  changes  of  the  valve  resistance. 

The  mean  value  of  this  valve  resistance  is  practically  constant, 
while  the  centrifugal  forces  of  IF  and  ^change  as  the  square  of 
tlie  revolutions ;  so  that  a  pound  or  two  increase  of  these  weights 
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increases  enormously  the  strength  of  the  governor  to  overcome  the 
valve  resistance.     Heavy  weights  are  therefore  an  advantage  in- 
stead of  a  detriment,  as  they  prevent  the  valve  from  controlling 
the  governor  by  their  inertia  and  prodace  a  governor  strong 
enough  to  overcome  any  valve  resistance.     Besolts  of  practice 
show  some  of  the  best  regulations  with  the  initial  tension  of  the 
spring  zero,  which  corresponds  to  the  greatest  value  of  weight  K 
It  is  evident  that  equation  (2)  may  be  satisfied  with  any  values  of 
S'  and  A' 

from  S'  =  0  and  £=  maximum 
to  S'  =  maximum  and  E=  O; 

but  the  smaller  E  becomes,  the  laiger  and  longer  the  spring  most 
be  ;  and  it  has  been  found  in  practice  that  a  sensitive,  powerful 
governor  can  best  be  had  by  giving  ^  a  considerable  value. 

In  every  centrifugal  governor  a  change  of  speed  is  necessary  to 
produce  a  change  of  the  position  of  the  parts,  and  of  the  valve 
motion.  Whether  this  change  of  speed  be  momentary  or  con- 
tinued, great  or  small,  it  is  necessary ;  and  the  problem  to  be 
solved  is  how  to  reduce  the  change  of  speed  to  a  minimum  and 
still  have  a  stable  governor.  In  the  governor  under  considera 
tion,  the  regulation  is  obtained  by  heavy  weights  and  light  springs 
arranged  in  a  peculiar  manner,  with  friction  reduced  to  a  mini- 
mum, in  contradistinction  to  light  weights  and  heavy  springs  witl 
artificial  friction  introduced  to  mollify  the  evils  of  real  friction 
As  applied  to  a  9^  xl2  engine,  with  piston-valve,  some  of  the  dati 
are  as  follows  : — ^suppose 

Maximum  revolations 2f  =  £08 

Minimum  revolutions JS'  =  800 

Variation  of  revolutions 1% 

Valve  resistance  varies  from  0  to  20  lbs.,  mean  value. ...  V  =    10 

Initial  tension  of  spring S  =      0 

Moment  of  centrifugal  force  of  W  At  N  revolution =  2080 

Same  at  If'  revolution =  1850 

Increase  of  moment  of  W  for  1%  variation  of  speed. ...  r=  1080 

Penrentage  of  increase ^    5S% 

Moment  of  valve  resistance =   12.5 

Katio  of  valve  resistance  to  increase 

of  moment  W IMT  =  0.0118  =  I.IW 

Maximum  tension  of  spring ^  =  470  lbs. 

Compressitm  of  spring =1  inch 

Moment  of  centrifugal  forcQ  of  i^  at  iV  revolution =     1744 


A   GOVKftNOR    FOB   STEAM-ENGINES,  1087 

Same  it  If  KTolntlon =    1831 

Difference  of  momenta  of  i.'. =        93 

■If  parts  had  been  bo  chosen  as  to  make  this  diffevence  =  0,  the 
maximum  spring  tension  would  have  been  S  —  432  lbs.  Note 
that  the  moment  of  the  valve  resistance  is  very  small  computed 
to  the  moment  of  the  centrifugal  force  of  the  flving  weight — 
that  is,  aboQt  0.i%,  or  1.16:5  of  the  difference  of  this  moment 
of  the  flying  weight  for  a  variation  of  speed  of  1%.  The  valve 
motion  permits  a  variation  of  cut-off  of  from  0  to  0,7  of  the  stroke. 
A  variation  of  speed  of  le,sa  than  1;*  between  no  load  and  0.7 
cut-off  may  be  readily  obtained  in  practice,  and  this  regulation 
can  be  maintained  during  long-continued  runs.  When  this  gover- 
nor is  applied  to  centre-cmnk  engines  with  valvo  connections  out 
side  of  the  fly-wheel,  as  is  becoming  quite  popular,  the  eccentric 
can  be  dispensed  with,  and  rephiced  by  a  wrist-pin  D'  formed  on 
the  end  of  an  arm  extending  from  the  cross-arm  d,  as  shown  in 
dotted  lines  to  the  left  of  the  lower  figure.  This  will  do  away 
with  the  annoyance  generally  attending  the  use  of  eccentrics 

DltiOIJBSlON. 

Prof .  John  E.  Sweet. — The  author  of  the  paper,  in  his  third 
proposition,  says :  "  In  order  that  the  shaft  may  not  be  thrown  out 
of  balance  by  change  of  position  of  the  governor  weights,  these 
weights  must  be  symmetrical." 

It  so  happens  that  this  statement  is  not  true.  In  a  single-ball 
governor,  if  the  weight  of  the  eccentric  and  its  attachments 
balance  tlie  govern  or- ball,  and  moves  in  the  opposite  direction  on 
a  line  tJiroiigh  the  centre  of  shaft,  it  will  balance  it  in  all  positions. 
Even  were  this  not  true,  ia  the  single-cylinder  engine  the  un- 
balanced weigiit  of  the  reciprocating  parts  exceeds  the  weight  of 
the  governor  ball  as,  perhaps,  ten  to  one,  so  that  the  unbalanced 
single  ball  at  its  worst  would  be  unnoticeable  in  the  engine.  If 
the  weights  shown  at  A  and  B,  Fig.  243,  be  coupled  by  the  lazy 
tongs  arrangement,  it  goes  without  saying  that  they  will  balance 
in  all  positions,  and  that  tiie  centre  of  gravity  of  the  system  is  in 
the  centre  of  the  shaft. 

In  Fig.  244  the  same  system  is  moved  to  one  side  of  the  shaft, 
and  the  centre  of  gravity  is  at  U,  no  matter  to  what  extent  the 
balls  A  and  B  arc  moved. 

Then,  if   a  counter  weight  be  placed  in  the  wheel  at'i>,  the 
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wheel  will  not  be  thrown  out  of  balance  by  any  shifting  of  tlie 
governing  weight  Aj  and  that  holds  good  even  if  the  weights  A 
and  B  do  not  move  on  a  radial  line,  provided  they  move  in 
opposite  directions.  As  direct  evidence,  we  run  the  single-ball 
governed  engine  at  all  speeds  while  resting  on  a  greased  iron  pbite 
without  any  fastenings  whatever,  and  without  any  evidence  that 
the  single  ball  disturbs  the  balance. 

I  am  unable  to  understand,  and  hence  unable  to  refute,  Mr. 
Smith's  mathematics,  but  in  one  at  least  of  his  conclusions  I  am 
confident  he  is  in  error.  If  the  weight  shown  at  ^,  in  his  draw- 
ing, has  sufficient  centrifugal  force  to  resist  the  centrifugal  force 
of  the  weight  W  at  25  revolutions,  it  will  do  bo  at  250,  or  any 


Fig.  243. 


Fio.  244. 


other  number  of  revolutions.  So  that  it  hardly  seems  true  that 
the  governor  can  be  made  to  work  without  more  or  less  initial 
tension  on  the  springs,  nor  does  it  seem  as  if  there  would  be  any 
great  gain  in  doing  so,  if  it  could. 

Were  all  the  balls  concentrated  into  one,  its  inertia  would  be 
equally  efficacious  in  resisting  the  disturbing  influence  due  to  fric- 
tion of  valve,  and  as  the  one  weight  would  have  a  greater  range  of 
motion  than  the  average  of  the  four,  likely  it  would  be  more  8e^ 
viceable  than  in  the  form  shown.  The  best  part  of  the  paper  is 
the  statement  that  "  the  governor  works  well,"  which  I  am  ready 
to  believe  (if  the  w^eight  ^is  small  enough),  as  I  am  that  there  are 
others  which  work  well  also,  with  fewer  pieces. 

Mr,  F,  E.  Idell. — In  August,  1888, 1  tested  three  engines  hav- 
ing g6vernorB  such  as  described  by  Mr.  Smith.    These  engines  are 
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in  the  power  Btation  of  the  Sea  Shore  Electric  Railway  Co., 
Asbnry  Park,  N.  J. 

The  station  is  equipped  with  four  10J"xl2"  engines,  each 
belted  to  a  line  shaft  in  tl»e  centre  of  the  room,  which  could  be 
separated  into  two  parte  by  throwing  ont  a  friution-eintchconpling. 

The  engines  were  all  eet  to  run  at  300  revolutions  per  minute 
nnder  80  lbs.  steam  preasure.  Tlie  ratio  of  the  pulleys  on  the 
engines  and  the  line  ahaft  was  hb  8  is  to  9.  The  normal  speed  of 
the  shaft  was,  therefore,  337.5  revolntions  per  mintite. 

Before  commencing  the  test  the  four  engines  were  ran  in  pairs 
to  Bee  if  they  drove  the.  shaft  at  the  game  speed.  Tiie  friction 
coupling  was  thrown  out  so  that  each  pair  of  engines  would  drive 
an  independent  shaft,  A  tacliometcr  was  placed  on  the  floor  at 
one  end  of  the  line  and  belted  to  the  shaft,  and  the  speed  noted. 
Then  the  tachometer  was  taken  to  the  end  of  the  second  length  of 
shafting,  belted  to  it,  and  the  speed  noted  again.  The  difference 
in  the  readings  was  one  revolution  per  minute,  or,  at  the  speed  the 
shafting  was  running — 337.5  revolutions  per  minute — tlie  error 
was  about  -^  of  1;^. 

During  the  test,  readings  of  tlie  tachometer  were  taken  half 
hourly.  The  average  of  til  readings  for  the  two  days  was  335.5 
revolutions  per  minute,  or  less  than  j'^  of  1^  below  the  normal. 
The  readings  of  the  tachometer  were  taken  at  the  stated  intervals 
without  regard  as  to  whether  or  not  there  was  a  sudden  demand 
for  excessive  power  at  that  time.  The  demand  for  power  was 
fluctuating  cooKtautly.  I  watched  the  tachometer  for  minutes  at 
a  time  and  noticed  thnt  the  variation  in  speed  lasted  but  a  few 
seconds,  recovering  the  normal  speed  within  15  seconds  from  the 
time  any  sudden  demand  for  power  was  made.  Two  indicator 
cards  were  taken  from  each  engine  every  20  minutes  during  the 
day  and  half  hourly  during  the  evening.  The  speed  of  the 
engines  was  taken  for  halfa  m'r.ute"  after  each  set  of  cards,  and 
the  record  was  so  uniformly  so  near  300  revolutions  per  minate 
that  this  figure  was  used  in  working  up  the  cards. 

Mr.  E.  J.  Armstrong. — The  first  proposition  of  this  paper  is,  "A 
governor  to  be  sensitive  must  be  free  from  friction."  It  is,  per- 
haps, an  act  of  temerity  to  question  this  statement,  which  has  almost 
passed  into  an  axiom  among  engine-builders,  hot  as  the  writer  has 
in  another  paper  made  mention  of  good  eilects  from  a  small  amount 
of  governor  friction,  a  statement  of  reasons  for  that  belief  may  be 
in  order.     In   several  ex])erimenta  made   by  the  writer  some  time 
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ago  to  find  out  how  much  better  governing  might  be  obtained  by 
the  use  of  antifriction  devices,  the  result  was  not  at  all  as  was  ex- 
pected.    The  governoi's  became  less  steady,  and  in  order  to  work 
as  satisfactorily  as  before  had  to  have  the  initial  tension  of  spring 
reduced  so  as  to  govern  less  closely ;  apparently  showing  that  the 
small  amount  of  friction  originally  present  was  an  element  of  sta- 
bility and  acted  to  prevent  too  rapid,  and  consequently  too  great, 
changes  in  the  position   of  the  fly-weights.     The  valve  resistance 
changes  in  direction  so  rapidly  that  in  a  reasonably  heavy  governor 
the  inertia  is  sufficient  to  prevent  any  serious  disturbance  of  the 
governor  system  by  it.    But,  unless  the  governor  friction  is  greater 
than  the  valve  resistance,  it  would  seem  that  there  must  be  some 
vibratory  movement  caused.     If  a  change  in  the  engine  speed  oo- 
curs,  acting  to  change  the  position  of  the  fly-weights,  the  amount 
is  aided  half  the  time  by  the  valve  resistance  and  half  the  time 
opposed  by  it ;  the  sum  of  the  two  forces  will  move  the  fly-weights 
much  further  than  their  difference  will,  consequently  the  fly-weight 
will  hitch  along  until  the  changed  position  of  the  yalve  again  per- 
mits a  balance  of  the  centrifugal  and  centripetal  forces.    This  ii 
offered  rather  as  a  theory  than  as  a  statement,  the  experiments  re- 
ferred to  not  having  been  carried  far  enough  to  prove  that  this 
action  actually  takes  place,  only  to  suggest  it  as  a  probable  expla- 
nation of  the  behavior  of  the  governor  experimented  with,  and  of 
the  thousands   of  governors   successfully  running  in   which  the 
governor  friction  is  greater  than  the  difference  in  centrifugal  force 
due  to  the  change  in  speed  when  the  load  is  varied.     In  the  paper 
under  discussion  mention  is  made  of  the  centrifugal  force  of  the 
weight  acting  in  lieu  of  the  initial  tension  of  a  spring.     Now  the 
use  of  a  spring  in  a  fly-wheel  governor  is  to  furnish  a  resistance  con- 
stant for  any  given  position  in  its  ratio  to  the  centrifugal  force  of 
the  fly- weight,  which  varies  with  every  change  of  speed,  in  order  that 
when  a  change  of  speed  comes  the  difference  between  the  constant 
and  inconstant  forces  may  act  to  change  the  position  of  the  governor 
system.     On  the  sixth  page  of  Mr.  Smith's  paper  he  says :  "  Results 
of  practice  show  some  of  the  best  regulations  with  the  initial  tension 
of  the  spring  zero,"  which  means  that  for  one  position  of  the  gov- 
ernor the  spring  has  no  strain  upon  it,  and  that  the  entire  centrif- 
ugal force  of  the  fly-weight  is  opposed  by  the  centrifugal  force  of 
another  fly-weight.     For  that  particular  position  of  the  fly-weight 
there  can  be  no  difl^erence  caused  by  speed  between  the  two  forces 
in  equilibrium.     If  they  will  balance  each  other  at  one  speed  they 
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will  do  80  9t  BDj  other,  and  it  is  hard  to  understand  how  any  gov- 
sming  can  be  obtained  under  tlie  conditions  ;  for  any  other  position 
of  the  governor  the.conditions  are  different.  The  fly-weight  W  has 
moved  away  from  the  shaft,  and  the  weight  E  Iisia  been  drawn 
iJoee,  80  th'at  W  has  a  greater  eentrifiigal  value  than  E,  the  differ- 
ince  at  the  speed  desired  for  tlie  governor  being  supplied  by  tlie 
priog,  wltich  is  now  under  tension;  when  acliangeof  speed  occurs 
be  force  acting  to  move  the  governor  is  the  difference  in  centrif'ngal 
oree  which  would  be  caused  by  the  change  in  speed,  for  a  fly-weight 
laving  a  centrifugal  value  equal  to  the  difference  between  TFand 
5^  an  amount  which  would  seem  rather  small  for  ijnick  governing, 
■nd  liable  to  make  sluggish  action  of  the  governor  with  a  consider- 
ible  less  value  for  E;  the  force  acting  to  move  the  fly-weiglit  when  a 
;hange  of  speed  occurs  becomes  greater,  and  the  governor  becomes 
»E  greater  power  and  stability,  capable,  as  it  has  proved  itself,  of 
mcceEsful  governing  under  the  moat  osacling  conditions.  It  may 
3ut  the  whole  problem  in  a  clearer  light  to  say  that  for  any  given 
^sition  the  governor,  so  far  as  governing  is  concerned,  is  the  same 
)s  it  would  be  if  the  fly-weight  only  had  a  centrifugal  value  equal 
;o  the  difference  between  W  and  E,  and  the  remainder  of  the 
weights  were  replaced  by  one  of  equal  inertia  divided  between  tlie 
secentric  and  its  fly-weight.  Only  an  amount  of  fly-weight  which 
would  balance  the  Spring  can  bt;  taken  as  having  anytliing  to  do 
with  shifting  tlie  eccentric,  and  this  amount  varies  with  the  position 
Df  the  fly-weights;  the  remainder  of  the  weight  is  simply  inertia 
weight. 

P:-of.  R.  II.  Thurston. — I  am  much  interested  in  the  paper  and 
the  new  form  of  governor  wiiich  it  describes,  and  would  be  glad 
to  get  more  particulars  of  its  performance,  especially  as  to  the 
manner  in  which  it  meets  those  sudden  variations  of  load  often 
met  with,  es]ieeially  in  electric  lighting — those  which  take  place  in 
an  instant  and  without  preliminary  fluctuations.  The  principles 
enunciated  in  the  introduction  to  the  paper  are  well  stated,  and  it 
is  to  meet  (he  requirements  thus  formulated  that  inventors  of  gov- 
ernors have  been  seeking  new  and  more  perfect  devices  from  the 
days  of  Sickles'  and  Corliss'  inventions,  and  especially  since  the 
demaiids  of  the  finer  textile  manufactures  and  of  electrical  work 
iiave  become  so  exacting. 

I  would  add  one  more  to  the  list,  and  say; 

Fifth. — That  the  governor  may  act  not  only  promptly  and  power- 
fully, but  with  accuracy,  it  mnst  include  some  adjustment  or  some 
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special  mechanisin  which  Bhall  insure  the  quick  moyeinent  of  its 
parts  into  the  required  position,  to  give  equilibrinni  between  driv- 
ing power  and  load,  between  effort  and  resistacce,  instant  by 
instant,  and  thus  evade  the  ill  effect  of  inertia  in  throwing  the 
governor  beyond  the  right  point  at  each  sudden  change. 

There  are,  1  think,  two  ways  in  which  this  result  may  be  at- 
tained :  The  use  of  a  dash-pot,  offering  rapidly  augmented  resiat- 
ance   with   increasing   velocity   of   displacement,   wliile  allowing 
moderate  rates  of  movement  without  appreciable  impediment,  is  a 
familiar  method  of  meeting  this  demand,  one  which  has  been  long 
in  use  in  nearly  all  classes  of  construction.     In  some  cases  I  think 
it  may  be  found  that  the  regulation  of  the  exaggerating  action  of 
inertia  is  effected  by  the  frictiori  of  the  valve-motion  itself,  which 
pins  the  mechanism  fast  at  certain  points  in  each  revolution,  and 
compels  the  exact  adjustment  of  the  steam-distribution  to  but  a 
limited  extent  in  each  of  several  revolutions.     How  far  this  maT 
prove  useful  or  desirable  action  it  is  impossible  at  present  to  say. 
It  would  be  an  interesting  matter  for  investigation. 

In  the  form  of  governing  which  is  here  described  I  see  what 
appears  to  me  a  very  interesting  and  probably  useful  airrangement, 
which,  whether  so  intended  or  not,  will  perhaps  prove  to  give  a 
similar  effect.  The  weight  W  is  so  suspended  that  any  qniel 
movement  of  the  engine  will  jerk  the  wheel  ahead  or  back,  accord- 
ingly as  the  load  is  dropped  off  or  thrown  on,  in  such  a  manner  ac 
to  produce,  in  consequence  of  the  inertia  of  the  weight,  a  relative 
motion  of  W&ud  the  other  parts  of  the  governor,  wliich  must  re- 
sult in  quick  cloenng  or  quick  opening,  as  the  case  may  be,  so  as  t( 
meet  the  more  promptly  the  tendency  to  acceleration  by  a  respon 
sive  action  of  the  valve-motion.  The  substitution  of  knife-edge 
for  pins  and  joints  of  the  usual  sort  is  obviously  an  importan 
modification  in  the  direction  of  improvement,  and  especially  as  in 
snring  a  constant  and  permanent  sensitiveness.  It  is  nnquestion 
ably  very  desirable  to  dispense  with  all  lubricated  joints  in  an; 
governor  of  this  class.  It  is  in  these  directions  that  Professo 
Sweet  has  been  so  long  and  so  succesfully  working,  and  with  thi 
end  in  view,  wo  have  just  attiiched  to  the  first  of  the  straight-lia( 
engines,  that  built  in  the  Sibley  College  shops  of  Cornell  Univer 
sity,  a  governor  designed  by  Mr.  E.  S.  Bowen,  of  the  University 
which  is  witliont  joint,  and  absolutely  frictionless.  It  has  proved  t( 
be  most  satisfactory ;  the  steam  distribution  and  the  regulatiot 
have  been  found  all   that  could  be  desired,  and  more  tlian  wouk 
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QBually  be  expected  of  any  governor  of  any  one  of  tiie  older  forme. 
Nevertheless,  wliere  provision  is  made  for  steady  and  sure  lubrica- 
tion, tbe  action  of  the  original  Ilartwell  governor,  or  of  any  of  its 
better  class  of  encceBsors,  can  usually  be  made  more  accurate  than 
any  of  the  Wntt  governors.  I  should  expect  thoroughly  good 
work  from  the  governor  here  described. 

Mr.  Frank  II.  Ball. — The  special  feature  of  interest  in  this 
paper  is  the  peculiar  use  of  a  supplemental  centrifugal  weight,  to 
produce,  in  effect,  centripetal  force,  and  tbe  author's  very  ingenious 
application  of  this  force  to  take  the  place  largely  of  springs  in  a 
governor  problem.  The  theory  is  a  very  pretty  one,  and  is  bu&- 
tained  by  successful  practice.  It  is  the  purpose  of  tbe  writer  in 
this  discussion  to  examine  tbe  advantages  and  disadvantages  which 
belong  to  the  peculiar  use  of  tlie  supplemental  weight. 

The  principal  advantage  seems  to  be  in  tbe  simplification  of  the 
spring  problem  and  the  possibility  of  a  governor  with  powerful 
opposing  force  in  equilibrium  without  tbe  use  of  heavy  and  long 
springs.  For  the  sake  of  comparison,  let  na  imagine  a  governor 
similar  to  that  shown  in  Fig.  228,  with  tbe  same  weight  W,  but 
without  the  supplemental  weight  E^  and  let  us  suppose  tbe  spring 
She  increased  in  strength  and  length  until  it  shall  furnish  all  tbe 
centripetal  force  required  to  oppose  tbe  weight  IF.  Let  ns  imagine 
that  tbe  spring  has  tbe  same  margin  of  reserve  strength  which  the 
author  descnbes  as  necessary  to  prevent  fatigue  of  the  metal,  and 
also  that  the  relative  adjustment  of  centrifngal  and  centripetal 
forces  be  made  to  harmonize  exactly  with  tbe  forces  in  Fig.  228. 
Obviously,  then,  both  arrangements  would  seem  to  show  corre- 
sponding rates  of  speed  in  controlling  an  engine  under  similar 
conditions  of  load  or  boiler  pressure,  and  both  would  be  equally 
powerful.  Tlie  advantage  of  cost  would  be  with  Fig.  228,  having 
small  and  light  springs,  and  the  disadvantage  must  chiefly  appear 
in  tbe  inertia  of  this  weight  E, 

In  the  paper  under  consideration  the  author  mentions  the 
possible  disadvantage  of  tbe  inertia  of  this  weight,  but  thinks  it 
more  than  overcome  by  t!ie  stability  it  gives  against  disturbances 
due  to  varying  resislanee  of  tbe  valve  gear;  or,  to  use  tbe  author's 
words,  "  heavy  weigiits  are  tiierefore  an  advantage  instead  of  a 
detriment,  as  they  prevent  the  valve  from  controlling  the  governor 
by  their  inertia  and  produce  a  governor  strong  enough  to  over- 
come any  valve  resistance.''  This  stability,  the  author  states,  is 
due  to  the  inertia  of  the  weights,  and  therefore  a  governor  having 
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the  weigtit  E  would  actnate  a  valve  gf 
than  coiiid  bo  overcome  by  the  hyp 
coriiparison,  nttlioiigli  both  are  Biippi 
and  equal  governing  forcee.  The  int 
its  orbit  of  rotation  from  being  die 
varying  iinpulRus  of  resistance  I'rom  tli 
venta  prompt  cbatiges  of  orbit  when  t 
and  wlicD  radial  motion  takes  placi 
Aside  from  tlie  iieceesitieB  of  overeom 
seem  that  the  less  inertia  in  tlie  movi 
better  its  pei-formance,  just  as  with  a 
both  cases  the  inertia  of  moving  par 
action.  It  is  manifestly  impossible 
amount  of  inertia  in  centrifngal  go 
force  implies  a  masa  of  some  magnitu 
a  centre.  The  addition  of  further  we 
instead  of  springe  would  seem  to  be  < 
inertia,  unless  the  requirements  of  ^ 
use  of  the  more  desirable  spring  forc4 

Other  methods  of  overeoming  valv 
various  interlocking  devices  interposci 
and  the  eecentrie.  These  are  often 
creased  friction,  or  the  "friction  of  r 
it.  It  is  perhaps  possible  to  annihili 
the  valve  resistance,  and  hence  obtain 
inertia  refluced  to  a  minimnm.  The  < 
this  would  be  with  a  valve  whoso  mi 
sidcrable  amount,  and  with  a  simple  in 
cient  to  prevent  the  maximum  valv 
the  orbit  of  weights.  The  valve  res 
opposite  directions  changes  the  contaf 
device  from  one  side  to  the  other  tii 
keeping  the  mechanism  alive,  and 
rest."  At  the  same  time  a  slight 
weights  favomlile  to  radial  motion  tw 
revolution,  Tiie  weights,  taking  a( 
impulses,  respond  quickly  to  any  i 
opposing  governing  forces,  and  the  ' 
tirely  free  fmm  friction,  and  at  the  s 
sary  inertia  in  its  moving  parts. 

In    theory  this  arrangement   seen 
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results  than  the  nse  of  the  weight  E,  bnt  whetlier  this  is  reRltzod 
in  practice  or  not  depeiida  on  the  poBsibility  of  fulfilling  the  con- 
ditions. 

Prof,  D.  S.  Jacdfnig. — Tlie  problem  of  the  shaft  f^ovemor  has 
not  been  diseiiBBed  by  uiatbematicians  thoroiigbly,  becanse  to  do 
this  in  an  exact  way  involveB  com  plications  wliich  make  it  a  very 
difficnlt  one.  Mr.  Smith  bas  solved  the  problem  in  an  approxi- 
mate way  and  has  made  a  number  of  governors,  and  found  that 
by  adjnsting  the  same  be  is  able  to  obtain  t!ie  degree  of  regtila- 
tion  which  is  indicated  by  Ids  theory.  I  consider  this  to  be  a  very 
good  feature.  There  might  be  a  criticism  raised  that  other  gov- 
6morB  which  do  not  iuvolvo  so  many  Ecientiiic  points  can  also 
be  regulated  within  l,t^.  In  the  valve  gear  of  a  Buckeye  engine 
there  is  a  great  deal  of  friction  caused  by  revolving  the  sleeve  on 
which  the  cut-off  eccentric  is  placed,  and  nevertbelesB,  in  the  case 
of  onr  shop  engine,  this  governor  has  been  made  to  regulate  with- 
in 1^.  If  this  problem  is  taken  up  exactly  tiio  action  of  the 
centrifugal  force  on  the  springs  baa  to  be  included,  together 
with  its  action  on  the  other  masscE.  This  is  a  yery  complicated 
problem,  provided  the  spring  is  set  at  an  angle  to  the  radius;  the' 
spring  tlien  forms  a  sort  of  centrifugal  catenary,  a  mathematical 
discussion  of  whicli  was  given  by  Prof.  Webb  at  tlic  Toronto  Meet- 
ing of  tlie  American  Association  for  the  Advancement  of  Science. 
I  think  we  migiit  hear  from  Prof.  Webb  on  this  point. 

Mr.  J).  W.  RM. — I  have  been  very  much  interested  in  the 
papers  and  discussion  on  shaft  governors,  having  recently  had  some 
experience  in  that  line.  Aithougii  I  did  notliave  time  toexamine 
tiio  papei-8  as  carefully  as  I  would  like,  or  to  bring  any  data,  I  have 
hurriedly  made  some  memoranda  on  the  subject  which  possibly 
may  throw  a  little  more  liglit  on  the  question  involved  in  Mr. 
Smith's  governor,  although  perhaps  nothing  more  than  is  conveyed 
in  tlie  i>aper. 

I  was  very  well  pleased  also  with  the  points  brought  out  in  the 
papers  by  Prof.  Sweet  and  Mr.  Armstrong.  I  think  Mr.  Smith's 
governor  contains  a  valnabk-  feature  not  found  in  many  governors, 
although  I  cannot  see  that  a  governor  having  a  portion  of  the  cen- 
tripetal force  supplied  by  the  centrifugal  force  of  weights,  instead  of 
getting  the  wiiole  of  it  from  springs,  would  be  more  stable  than 
one  having  the  whole  centripetal  force  from  apringa  alone.  But  X 
do  think  there  ie  a  decided  advantage  in  being  able  to  relieve  the 
springs  of  part  of  their  work  and  to  bring  their  tension  or  compres- 
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sion  as  far  as  possible  within  the  safe  working  limit.    I  believe  it  is 
not  the  first  time  that  the  principle  in  Mr.  Sniith's  governor  has 
been  made  use  of  in  shaft  governors.    For  instance,  the  latest  forai 
of  governor  of  the  straight-line  engine,  if  I  understand  it  right, bas 
this  principle  applied  in  a  different  way.  hut  like  many  other  points 
involved  in  a  shaft  governor,  one  or  two  of  which  have  been  very 
happily  made  clear  by  the  papers  before  this  meeting,  this  principle 
is  perhaps  not  generally  understood.     A.  short  time  ago  I  designed  a 
governor  of  the  ordinary  type,  but  with  a  flat  leaved  spring,  snchaa 
is  used  in  the  straight-line  engine.     The  spring  was  cnrved  to  the 
shape  of  the  wheel  and  bolted  to  it,  the  other  end  being  attached 
directly  to  the  weight,  arranged  so  that  the  centrifugal  force  of  the 
fly-wheel  pushed  the  spring  away  from  the  centre  of  the  wheel.  In 
this  case  it  will  be  seen  that  the  centrifugal  force  of  the  spring 
itself,  which  was  considerable,  was  acting  in  opposition  to  the  force 
of  the  spring  and  in  unison  with  the  fly-weights,  which  rendered  it 
necessary  to  have  a  spring  with  an  initial  tension  corresponding  to 
the  centrifugal  force  of  the  fly- weights  plus  the  centrifugal  force  of 
the  spring,  of  course  neglecting  leverages  and  other  constructive 
considerations,  thus  causing  the  spring  to  come  very  near  its  safe 
working  limit.     If  I  increased  the  strength  of  the  spring  by  mak- 
ing it  longer  and  stouter,  I  also  increased  its  weight,  and,  conse- 
quently, its  centrifugal  force.    If  I  decreased  the  fly*weights  so  as 
to  require  less  spring,  I  required  a  proportionately  weaker  spring. 
After  experimenting  with  this  governor  I  designed  another  with 
the  leaf-springs  arranged  to  pull  toward  the  centre,  when  the  weights 
would  fly  out.     Thus  the  centrifugal  force  of   the   springs  waa 
brought  in  unison  with  the  tension  of  the  springs,  and  I  found  ii 
possible  to  have  much  less  initial  tension  on  the  springs  than  in 
the  other  design.     Neglecting  the  difference  in  centrifugal  force 
due  to  the  movement  of  the  spring,  which   involves  a  principle 
in  itself  which  I  have  not  time  to  explain  just  now,  but  which  ] 
hope  to  do  at  some  future  time,  the  general  principle  is  that  the 
spring  must  be  designed  to  have  a  deflection  of  so  many  inches  to 
the  ton  to  correspond  with  tiie  variation  of  the  centrifugal  force  ol 
the  fly-weights  due  to  their  movement ;  and  the  advantage  of  hav- 
ing a   counter-centrifugal  force  in   the   springs  or  in    separate 
weights  is  that  you  may  have  3'our  springs  working,  say,  for  illus- 
tnition,  from  0  to  500  lbs.,  while  in  the  other  case  you   would 
have  the  same  character  of  spring  working,  say,  from  600  to  l,00fl 
lbs.  tension,  which  will  obviously  carry  the  spring  nearer  the 
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safe  working  limit.  In  neing  Bpiral  BpringB  tlie  springs  may  be 
kept  witliin  the  safe  working  limit  bj  making  tliein  longer  and 
stouter,  but  in  almft  governore,  aa  ordinarily  designed,  it  is  dilHctilt 
to  get  room  for  a  Idnjj  spring. 

3fr.  Jease  M.  Siailk. — Prof.  Sweet  states  tliat  pi-oposition  three 
is  not  trne,8nd  tlien  goes  on  to  describe  how  he  takesouehalf  of  the 
donble governor  awny  and  pots  eomething  else  in  its  place  to  main- 
tain the  balance,  so  that  the  foreo  of  the  proposition  still  remains. 
The  professor  does  not  state  what  part  of  nij  iiiathemfltieB  lie  does 
not  understand,  so  that  I  am  at  a  loss  where  to  look  for  the  error. 
It  is  evident  that  if  the  weight  ^has  suffieient  centrifiigal  force  to 
resist  TFnnaided  by  the  spring  at  any  given  number  of  revolutions, 
it  will  do  BO  at  any  other  number  \  but  it  so  happens  that  even  if  E 
and  W  are  in  equilibriiim  they  are  in  nnstable  equilibrium,  and  the 
weight  of  W,  if  it  starts  to  go  out,  will  go  to  its  extreme  distance 
from  the  centreof  rotation.  Now  the  viilve  reeistarice  is  not  a  con- 
Btant  quantity,  but  changes  from  zero  to  a  maximum  and  back  to 
zero  twice  every  revolution,  so  that  the  weight  If  has  an  opportunity 
twice  in  eatih  revolution  to  be  started  outward  by  the  valve  resist- 
ance. Suppose  the  weight  W  in  its  inner  position  and  the  tension 
of  the  spring  equal  to  zQro,and  the  weights  Wand  ^calculated  to 
be  in  equilibrium  with  the  mean  valve  resistance  ;  now,  as  tlie  eccen- 
tric passes  its  dead  centres  the  valve  resistance  has  no  effect,  and 
W-,  being  overbalanced,  starts  outward  ;  but  the  instant  it  starts  its 
oentjifugal  force  increases,  because  the  weight  is  farther  from  the 
centre,  and  at  the  same  time  £*  is  forced  inward  and  its  centrifugal 
force  is  decreased,  because  it  is  nearer  the  centre.  The  spring  now 
begins  to  act  to  restore  the  disturbed  eqnilibrinm,  and  ae  soon  as 
W  has  left  its  inner  position  (which  corresponds  to  the  late^  cut- 
off) tlie  wcigiita,  valve  resistance,  and  all  are  under  the  control  of 
the  spring. 

It' the  four  weights  were  concentrated  in  one,  as  Buggested  by 
Prof.  Sweet,  tlieir  inertia  might  be  equally  or  more  effective  in 
resisting  the  disturbing  infiuenceB  of  the  valve;  but  what  of  the 
spring  to  resist  the  centrifugal  force  of  this  consolidated  weight  ? 
Tliere  would  be  difficulty  in  finding  a  fly-wheel  large  enough  to 
contain  it.  A  forcible  reason  for  using  a  double  instead  of  a  aingle 
governor  is  tiiat  in  the  double  governor  gravity  has  no  effect,  be- 
cause the  weights  are  always  in  balance  about  the  shaft.  The 
effect  of  gntvity  in  disturbing  a  governor  increases  as  the  speed 
decreases,  and  so  long  as  Prof.  Sweet  applies  his  single  governor 
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to  high-speed  engines  he  will  aye  less  of  the  effect  described  in 
liis  paper,  No.  CCCCVII.,  and  more  as  speed  decreases,  bnt  if  he 
nscs  the  double  governor  and  counterbalances  the  eccentric,  gnvitj 
"will  have  no  effect  at  any  speed. 

Mr.  E.  J.  Armstrong  thinks  that  a  small  amount  of  friction  is  & 
good  thing.     May  it  not  be  possible  that  in  liis  experiments  with 
governors   having  anti-friction  devices  there  still  remaiuea  con- 
siderable friction  ?    If  there  were  no  friction  in  any  of  the  joiutsof 
the  governor,  a  very  small  force  would  tend  to  move  the  weights, 
and  would  move  them  if  it  had  time.    When  the  governor  is  reroh- 
ing  at  constant  speed  the  only  variable  force  is  the  valve  resist- 
ance, and  it  acts  always  in  the  same  direction  relative  to  the  gov- 
ernor, but  with  a  variable  quantity.     If  the  number  of  revolutions 
is  small  this  valve  resistance  will  have  time  to  act  and  will  move  the 
weights,  bnt  if  the  speed  is  increased  the  valve  resistance  will  act  to 
"jerk"  the  weights  in  or  out ;  but  the  weights  will  resist  this  action 
by  their  inertia,  and  will  resist  the  harder  the  quicker  the  "jerk" 
and  the  greater  the  weight.    Hence  I  say  that  heavy  weights  are  an 
advantage  and  an  element  of  stability.    On  the  other  band,  if  there 
be  no  friction  in  the  joints  of  the  governor  the  slightest  change  in 
speed  will  suffice  to  cause  the  governor  weights  to  take  a  new  p<y 
sition.     In  other  words,  the  weights  are  ready  to  move  under  the 
slightest  force  if  this  force  be  applied  slowly,  bnt  they  will  resist] 
large  force  if  applied  quickl3\     Bnt  a  small  force  applied  slowl] 
produces  slow  motion,  and  slow  motion  means  small  force  of  inertu 
even  with  heavy  weights.    It  therefore  appears  to  me  that  a  gov 
ernor  having  the  least  friction  in  its  joints  is  in  better  condition  t 
respond  quickly  and  accurately,  and  with  a  small  change  of  speed 
than  one  havin^j  more  friction,  particularly  if  the  amount  of  fric 
tion  is  not  under  control,  as  it  is  not  in  most  cases. 

Mr.  Armstrong  sums  up  as  follows:  '^  Only  an  amount  of  fl} 
weight  which  would  balance  the  spring  can  be  taken  as  having  anj 
thing  to  do  with  shifting  the  eccentric,  and  this  amount  varies  wit 
the  position  of  tJie  fli/'toeights ;  the  remainder  of  the  weight  i 
simply  inertia  weight."  The  weights  IF  and -fi* are  tied  togethe 
so  tliat  one  cannot  move  without  the  other,  and  they  both  have  ai 
effect.  Suppose  the  fly-weight  W  in  its  inner  position,  and  b 
some  means  during  an  increase  of  speed  of  \%  the  weight  ai 
rives  in  its  outer  position.  By  reference  to  the  figures  give 
neur  the  end  of  the  paper  it  will  be  seen  that  the  moment  of  W\ 
its  inner  position  is  1,850  inch  pounds,  while  in  its  outer  positio 
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tlie  moment  is  2,980.  The  difference  is  1,080.  Tlie  moment  of  E 
correBponding  to  tlie  inner  position  of  IF  is  1,744,  and  that  for  the 
outer  position  of  W  is  1,831,  the  difforeDce  is  93.  W  in  its  inner 
position  is  nearly  balanced  by  E,  there  being  a  difference  between 
the  moments  of  tiie  two  of  only  19  inch  pounds;  wliereas  for  the 
outer  position  of  W  tliu  difference  in  moments  is  2,930  —  1,744  = 
1,186,  and  this  litst  ligure  just  about  reprewents  the  iuom.ent  of  the 
spring,  wiiich  for  tlie  inner  position  of  If  bad  no  moment. 

Now  suppose  71^  ill  its  outer  position,  and  tlmt  E  he  removed 
entirely,  and  JF  be  decreased  until  it  is  just  balanced  by  the  spring, 
the  moment  of  which  is  1,186.  If  now  the  weight  R'relurns  to  its 
inner  position,  the  spring  has  lost  all  its  tension.  What  will  balance 
the  moment  of  W  in  this  position  J  It  is  evident  there  is  nothing 
to  balance  it  unless  the  spring  has  an  initial  tension,  and  it  is  just 
this  initial  tension  which  is  supplied  by  the  weight  E.  In  otlier 
words,  the  use  of  the  two  weights  T^and  £"  permits  the  realization 
of  an  ideal  governor  in  wiiich  there  is  a  single  weight  travelling 
from  the  centre  of  the  shaft  to  a  point  outside  of  the  centre,  and 
which  is  balanced  by  a  spring  having  no  initial  tension.  In  actual 
practice  the  weight  TTdoes  move  out,  and  it  moves  ont  with  an 
increase  of  speed.  If  TThaa  a  moment  of  1,860  in  its  inner  posi- 
tion, and  2,930  in  lie  outer  position,  why  is  the  difference  of  these 
two  figures  not  the  measure  of  the  strength  of  the  governor,  with- 
out regard  to  whether  the  centripetal  force  is  supplied  partly  by  E 
or  wholly  by  a  spring  i  The  fact  seems  to  have  been  lost  sightof, 
that  whenever  W  gains  centrifugal  force,  E  loses,  so  that  W 
becomes  rehitively  stronger  as  it  moves  outward.. 

Prof.  Tliurston  asks  for  particulars  of  performance. 

Mr.  F.  E.  Idel!  gives  some  figures  on  three  engines  driving  elec- 
tric street-cars.  No  service  is  more  severe  on  an  engine  and  its 
governor  than  that  required  by  electric  cars.  The  load  is  never 
twice  alike,  the  changes  are  sudden,  from  one  extreme  to  the  other, 
and  these  changes  may  all  take  place  in  a  single  minute.  To  meet 
these  conditions  and  give  a  service  which  shall  be  satisfactory,  and 
continue  to  s:itisfy  during  a  long  run,  agovemor  mnstmeet  the  four 
propuaitions  stated  at  the  beginning  of  the  paper,  and  also  meet  the 
fifth,  which  Prof.  Thurston  has  kindly  added  to  the  list,  and  which 
is  :  Th:it  the  governor  may  act  not  only  promptly  and  powerfully, 
but  with  accuracij,  it  must  inchide  an  adjustment  or  special  mechan- 
ism which  shall  insure  quick  movement  of  its  parts  into  the  required 
position,  instant  by  iust:mt.      A  governor  free  from  friction  will 
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meet  this  last  proposition,  for  the  reason  that  there  being  no  fric- 
tion to  resist  a  change  of  position,  the  parts  will  tend  to  move  with 
the  slightest  change  in  speed  and  will  move  promptly,  but  slowly, 
so  that  there  will  be  no  excessive  forces  of  inertia  developed,  and 
the  parts  will  take  their  new  positions  accurately  and  will  hold  them 
firmly  if  there  be  sufficient  mass  in  the  governor-weighte.  I  believe, 
therefore,  that  if  a  governor  has  weights  of  sufficient  mass,  and 
friction  is  reduced  to  minimum,  it  will  be  powerful  to  overcome 
valve  resistance,  and  it  will  act  promptly,  accurately,  and  firmly 
without  a  dash-pot  or  other  similar  mechanism. 

As  regards  my  own  practical  results  with  this  governor,  I  will 
state  that  the  first  engine  I  built  was  12  x  14,  which  ran  at  abont 
200  revolutions  per  minute,  with  90  lbs.  steam  pressure,  and  drove 
an  old-style  40-light  Brush  arc-light  dj'nanjo,  where  every  light 
meant  a  horse-power.     There  was  a  main  valve  driven  by  a  fixed 
eccentric  with  a  '*  gridiron  "  cut-off  valve  on  its  back,  both  unbal- 
anced.    The  cut-off  valve  was  driven  directly  from  the  eccentric, 
which  was  controlled  by  the  governor,  substantially  as  shown  in 
Figs.  228,  229.     It  was  with  this  engine,  after  trying  several  springs 
and  with  a  large  number  of  different  tensions  on  the  spring,  tbat 
I  found  that  the  initial  tension  could  be  reduced  to  zero  ;  and  in 
order  to  get  both  springs  adjusted  alike,  I  screwed  the  washers  back 
till  they  just  touched  the  springs  and  so  that  I  could  compress  them 
out  of  contact  with  the  washers  by  my  fingers.     The  engine  drove 
this  dynamo  and  nothing  else  for  seveml  months  with  entire  satis- 
faction, and  I  saw  the  electric  circuit  broken  and  remade  a  number 
of  times  in  quick  succession,  thus  throwing  on  and  off  instantly 
40  horse-power  without  a  change  in  speed  appreciable  to  the  eye  or 
ear. 

Another  engine,  10  x  12,  of  similar  design,  drove  a  factory.  It 
ran  at  150  revolutions  per  minute.  With  a  constant  load,  the  steam 
pressure  being  at  about  90  lbs.  the  fire  was  banked  and  the  pressure 
ran  down  to  about  3)  lbs.  with  a  loss  of  speed  of  less  than  two 
revolutions. 

Mr.  Ball  thinks  it  may  be  possible  to  annihilate  the  friction  of 
the  governor  by  the  valve  resistance.  If  the  valve  resistance  be 
large  enough  to  keep  the  parts  in  constant  motion,  or  "  alive,"  it 
would  seem  that  it  would  enter  as  one  of  the  important  forces 
among  the  several  which  go  to  make  up  the  equilibrium  in  the 
governor.  This  valve  resistance,  I  think,  acts,  relatively  to  the 
parts  of   the  governor,  always  in   the  ©ame  direction  and  not  in 
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oppoBite  direction,  as  stated  by  Mr.  Ball.  It  is  very  iiTCgular  nnd 
Dncontrollable,  being  dependent  on  the  amount  and  quality  of 
cylinder  oil  used,  condition  of  valve  seats,  amount  of  water  en- 
trained by  the  steam,  and  many  other  tliingB.  It  seems  to  me  this 
is  introducing  one  bad  and  uncertain  element  to  take  care  of  anotlier 
jiiBt  as  bad. 

Prof.  Jacobus  speaks  of  an  engiue  in  which  the  eccentric  is 
mounted  on  a  sleeve,  and  Bays  the  engine  has  been  made  to 
regulate  within  1^,  although  there  is  a  grent  deal  of  friction. 
This  is  very  possible  so  long  as  t!ie  friction  remains  constant,  bat 
■what  happens  when  the  sleeve  begins  to  get  dry  during  a  long  run? 

In  regard  to  the  centrifugal  force  of  the  spring  itself  and  its  effect 
to  distort  the  spring,  as  refeired  to  by  Prof.  Jacobus  and  Prof. 
Webb,  I  have  simplified  this  part  of  the  question  by  placing  tlio 
centre  line  of  the  spring  on  a  radius  so  that  its  weight  goes  to  form 
part  of  the  weight  E,  and  there  is  no  effect  of  lateral  distortion. 

[KOTE. — TblH  paper  recelied  discuasioD  jointi;  nitli  papers  on  tlie  effi>ct  of  an 
anbftlancvd  ecci-atric,  by  Prof.  ,T.  E,  Sweet  (No.  40T).  and  on  a  uho  for  iiierlia  in 
alutft  goTomors.  by  Mr.  E.  J.  Armstrong  (No.  ■108).  Tliere  afe,  therefore,  refar- 
ences  in  the  debate  printed  witU  eacli  paper  to  Eomeof  tlie  poiDts  biought  out  bf 
the  others.— Seeretary.] 
70 
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DATA. 

'.        XXIbt.  Mektiso,  Cincinnati,  Mat,  1890. 

No.  410-79. 

Does  a  boiler  steam  more  freely  if  the  tabes  are  arraDged  so  as  to  be  fortlMi 
apait,  horizontally,  in  the  upper  rows  than  in  the  lower  rows? 

Mr.  John  M.  Sweeney. — It  is  probable  that  I  am  to  a  eertain 
extent  responsible  for  the  questions  being  in  this  place.  Some  few 
months  ago  it  occurred  to  me  to  place  the  flues  in  a  tubular  boiler 
with,  an  increasing  cross-sectional  area  between  them,  and  before 
working  on  the  idea  I  suggested  the  propriety  of  bringing  the 
question  before  the  Society.     In  the  meantime  a  boiler  on  tlus 

principle      baa      been     con- 


structed, though  I  have  not 
been  able  to  make  any  ex- 
haustive test  of  it  The  flues 
as  usually  placed  in  the  boilei 
now  arc,  perhaps,  one  inch 
apart,  and  in  some  cases  witli 
an  increased  space  between 
them  at  the  centre  of  the 
boiler.  The  idea  of  the  de 
sign  presented  is  to  increaac 
the  space  between  the  flacf 
as  the  flues  rise.  A  point  h 
taken  outside  the  shell  of  the 
boiler,  from  which  lines  an 
drawn  radiating  from  thai 
point  as  a  centre,  and  diverging,  of  course,  as  they  proceed,  and  on 
these  as  centre  lines  the  flues  are  placed  (Fig.  245).  The  reason 
for  tliis  construction  is  that  in  a  boiler  externally  fired  the  cross- 
sectional  area  which  is  found  between  the  lower  row  of  tubes  hai 


Fig.  245. 
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a  daty  to  perform  which  consistB  in  allowing  the  Btcarn  which  is 
generated  hj  the  part  of  the  shell  below  them  and  by  the  bottoms 
of  the  flues — to  allow  that  amount  of  steam  to  ascend,  and  the 
Water  to  replace  it  to  descend.  Now,  if  that  inch  of  space 
between  flues  in  this  lower  row  is  of  a  proper  area  for  the  duty 
which  is  to  be  |>erformed  by  that  row  of  tubes,  certninly  it  is  an 
*'*iproper  area  for  the  cross-section  which  is  to  be  performed  by  the 
'**p  row  of  flues,  for  they  have  not  only  the  same  duty  to  perform, 
"^"t  in  addition  to  allow  the  passage  of  the  steam  which  is  gener- 
ated in  the  part  of  the  shell  between  the  lower  and  the  upper  row 
^■nd  by  the  intermediate  tubep.  So  that  it  soema  to  be  reasonable 
that  the  cross- sectional  area  between  the  flues  should  be  propor- 
tioned to  the  work  to  he  done.  The  idea  was  not  original  with  me 
St  all,  but  came  into  my  mind  from  some  suggestions  which  were 
niade  in  a  hook  of  C,  Y.  Williams  on  Heat,  in  which  tlie  axiom  ia 
laid  down  that  it  is  more  necessary  to  have  tlie  plates  of  the  boiler 
swept  by  the  water  in  circulation,  in  order  to  absorb  the  heat  which 
is  applied  to  the  surface,  than  it  is  to  apply  the  heat  to  the  outride 
of  the  boiler.  Without  having  made  any  tests  whatever  I  would 
aay  that  the  working  of  that  boiler  so  fur  has  been  notoriously 
free  from  any  fluctuation  in  the  water-line.  It  is  very  steady  in 
its  operation  and  seems  to  steam  very  freely, 

Mr.  J.  Wendell  Cole. — Would  it  not  be  better  than  to  have  all 
the  tubes  in  the  boiler  of  the  same  diameter  and  on  radial  lines, 
to  h:ivG  the  tubes  in  the  boiler  on  vertical  iines  parallel,  but  allow 
the  lower  lines  of  tubes  to  be  of  larger  diameters  and  the  upper 
lines  of  tubes  of  eniallcr  diameters  than  the  mean,  thus  giving 
ecjual  centre  spacing  and  yet  not  interfering  with  the  rising  of  the 
steam  generated  between  the  vertical  lines? 

Jifr.  If.  H.  Suplee. — I  understand  that  some  boilers  have  been 
made  according  to  t!ic  plan  suggested  by  Mr.  Cole,  not  only  to 
give  more  space  for  circulation,  but  to  equalize  the  draught  through 
the  tubes.  The  heated  gasee  tend  to  rise  and  pass  more  freely 
through  the  upper  rows,  but  by  making  the  lower  tnbes  larger,  a 
greater  volume  of  heated  gases  passes  through  tliia  part  of  the  boiler, 
while  doubtless  circulation  ig  also  helped  in  the  way  suggested  by 
Mr.  Sweeney,  Two  such  boilers  were  built  in  Philadelphia,  and, 
while  I  cannot  submit  data  of  test,  I  know  they  have  given  excel- 
lent and  patisfactory  results. 

Mr.  C.  S.  DiUton. — The  arrangement  of  tubes  as  described  by 
Mr.    Sweeney  bas   been    used   for   quite   a   number   of  years   by 
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Mr.  T.  li.  Batman  in  boilerd  which  he  haB  built ;  and  if  I  am  not 
mistaken  several  jears  ago  he  obtained  a  patent  for  that  arntDge- 
mcnt. 

Mr,  A.  F.  Nagh. — The  illustration  represents  the  tubes  ndia- 
ting  from  a  centre  somewhat  below  the  outside  of  the  shell  in  a 
horizontal  boiler,  to  facilitate  the  escape  of  steam  from  the  tube 
surfaces. 

It  resembles  a  vertical  boiler  made  by  Mr.  Edwin  Seynoldi, 
member  of  this  Society,  where  the  tubes  are  arranged  in  the  same 
manner  to  facilitate  cleaning  of  the  tubes  through  a  manhole  in 
the  shell. 

Mr.  D,  L,  Barnes. — In  a  boiler  designed  to  procure  the  freeit 
circulation  of  water,  the  point  of  the  application  of  feed-water 
should  be  considered.  Supposing  that  to  be  a  stationary  boiler  fed 
in  the  centi*e ;  in  that  case  the  feed-water  passes  downward  between 
the  tubes,  and  the  steam  would  probably  rise  around  the  shell  at 
that  end  of  the  boiler  where  it  is  fed. 

Prof.  J,  B.  Wehb. — I  do  not  know  exactly  that  I  understand 
what  is  meant  by  steaming  freely.  There  are  three  points  to  con- 
sider;  in  the  first  place,  the  amount  of  steam  made;  in  the  second 
place,  the  dryness  of  the  steam  ;  and  in  the  third,  the  circalation 
to  prevent  there  being  any  place  in  the  boiler  where  dirt  might  settle 
due  to  any  eddy  or  quiet  place  in  the  boiler.  As  to  the  amonnto 
steam  made,  it  seems  to  me  that  as  long  as  the  flues  are  kept  we 
the  same  amount  of  steam  must  be  made,  so  that  the  whole  matte 
of  the  arrangement  of  the  tubes  would  seem  to  be  governed  b; 
other  considerations.  A  poor  circulation  may  induce  primingy  b; 
making  the  water-level  too  high,  and  it  should  be  remembere 
that  the  water-level  shown  in  the  tube  is  not  that  in  the  boilei 
By  steaming  freely  I  do  not  know  what  is  meant,  unless  it.  be  t 
make  more  steam. 

Mr.  Sweeney. — I  have  taken  it  for  granted  that  the  top  feed  i 
the  boiler  is  the  accepted  feed,  but  it  strikes  me  that  no  matte 
where  it  l>e  fed  the  water  is  circulated  up  through  tlie  tubes  aD< 
has  to  come  down  again.  The  advantage,  as  I  understand,  of  fie 
circulation  in  a  boiler  is  that  water  agitated  over  the  heatirij 
surface  will  take  up  heat  more  rapidly  than  if  it  is  not  kept  mov 
ing.  I  know  that  in  a  coil  boiler,  that  known  as  the  Ward  boilei 
very  similar  to  the  Herrcshoff,  it  is  claimed  that  water  passes  ii 
circulation  through  a  tube,  and  being  carried  past  an  opening 
above,  will  give  its  steam  off,  and  that  very  little  steam  room  i 
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Tcqnired  in  order  to  aecnre  that  all  tlie  Bteam  ie  eliminated  from 
the  water. 

No.  410-80. 

What  advantages  as  to  coDBttoctioD  nnd  operation  are  offered  b;  vertical  beod- 
iag  rolls  over  horiaontal  rolls  for  plute? 

Mr.  Ja«.  W.  See. — While  pnibablj'  Dot  exactly  pertinent  to  tlio 
question,  I  want  to  call  attention  to  a  point  of  advantage  which 
one  Qeer  has  fonnd  in  horizontal  rolls,  and  would  like  to  ask  if  it 
is  thonglit  to  be  legitimate.  A  party  lias  a  set  of  bending  rolls  for 
bending  tanh  iron  or  tank  Btce)  half  an  inch  tliick  ;  and  the  rolla 
were  bnilt  for  that  purpose  and  were  intended  to  bend  to  12  or  14 
inch  radius.  The  parties  bad  in  tbeir  gliop  an  overhead  crane,  a 
very  convenient  thing  for  handling  those  plates,  and  the  way  they 
bend  the  corners  of  their  tanks  is  to  run  those  platus  in  their  rolls 
and  come  down  with  the  top  roll  and  hitch  on  the  travelling  crane 
and  just  snake  that  plate  straight  ujj.  It  breaks  the  rolls  all  to 
pieces,  but  the  maker  of  the  rolls  has  to  stand  it,  I  want  to  know 
if  that  roll  thus  used  ia  a  bending  roll  or  a  mere  hrake  ? 

Mr.  Oherlin  Smith. — I  was  quite  interested  while  in  Liverpool 
last  year  in  looking  at  some  vertical  beoding-rolls  at  the  shops  of 
the  Messrs.  Laird,  wheiB  they  were  bending  plates  one  and  a  half 
inches  thick  and  perhaps  ten  feet  eqiiare.  Tlie  rolls  seemed  to  be 
capable  of  even  heavier  work.  The  plate  rested  upon  its  edge, 
and  one  advantage  of  this  system  would  seem  to  be  the  saving  of 
floor  room.  I  suppose  it  is  just  aa  easy  to  hoist  the  plates  up  by 
one  edge  as  to  handle  them  flatwise.  Another  advantage  is  tliat 
the  plate,  by  gravity,  tends  to  remain  true  in  the  rolls.  With  the 
hori/.ontal  system,  on  the  contrary,  there  is  some  tendency  to  creep 
laterally  one  way  or  the  other,  which  has  to  be  controlled  by  flanges 
on  the  rolls,  or  other  guides. 

Mr,  Jno.  B.  Crocker. — I  would  like  to  aek  if  there  is  any  diffi- 
culty in  making  conical  sheets  with  that  system? 

Mr.  Oherlin  5;«iM,— With  the  vertical  system  that  I  speak  of  I 
do  not  think  conical  sheets  coidd  go  well  be  bent.  It  seemed  to 
be  best  calculated  for  cyliudi'ical  work. 

No.  410-81. 
I    Wbiit  is  the  best  form  of  liydiaulic  valves  for  water  at  high  pressnres  T 

Mr,  G.  C.  Uenning. — I  should  like  to  say  that  in  experience 
with   high   pressure  of  water  I  have  found  one  valve  which  acta 
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equally  well  on  a  Bwivcl  joint  or  a  fixed  joint.  It  never  leiki 
under  different  toinperahiref,  under  varj'ing  pressures  np  to  4^0 
pounds  to  tite  gqnare  im-h,  and,  of  course,  acts  equally  wellonlov 
pressures.  All  other  valres  wliicli  I  liave  thus  fur  seen  InvariibW 
leak.  This  valve  is  the  A.  II.  Emery  valre,  such  as  is  used  on  llie 
Emery  testing  machines  (Fig.  246).  It  is  equally  applicable  to 
other  woik  It  is  made  of  a  Hpecial  bronze  called  the  Einury 
bronze,  which  lias  a  tenacity  of  about  S0,000  pounds  to  the  equre 
inch.  The  valve  seats  an 
prepared  by  hammering  tfai 
metal,  then  tnming  them 
down  generally  by  dies ;  the 
valve  is  formed  by  a  little 
ping,  generally  a  high.etee1 
ping,  which  is  carefoll; 
turned  and  ground  to  fit  the 
valve  seat.  The  aliape  of 
tins  valve  seat  ia  conical  for 
a  very  small  part  of  the 
opening,  and  tlien  it  cnrva 
back  so  as  to  give  plenty  of 
clearance,  that  any  dirt,  etc., 
can  get  into  the  valve  without  sticking  under  the  seats  zeadily. 
I  have  used  these  valves  for  some  time  and  know  thej  are  verj 
good.  Some  have  been  used  up  to  10,000  ponnds  per  sqaan 
inch  without  leaking. 

Mi:  J.  II.  Samuels. — I  would  like  to  ask  the  gentleman  who  Jul 
spoke  how  faat  these  valves  can  be  worked. 

Mr.  Henning. — Tliese  valves  can  be  worked  as  fast  as  yon  csi 
put  mechanistii  to  the  upper  end  to  raise  or  lower,  tbongli,  ol 
course,  a  valve  under  high  pressure  should  never  be  opened 
suddenly.  You  always  must  have  some  device  for  holding  thE 
valve  down  and  some  means  of  opening  it — generally  a  hand' 
wheel  and  screw,  never  a  lever.  As  fast  as  yon  can  operate  BDch 
mechanism  the  valve  can  be  opened. 

Mr.  Louis  S.  Wright. — Tiiis  discussion  about  hydraulic  valv« 
has  brought  to  my  mind  a  valve  on  a  cast-iron  main  from  an  aecn 
niulator,  the  valve  being  located  where  the  water  is  drawn  ofl 
from  the  main,  for  tools,  etc.  The  working  of  this  valve  having 
been  isittisfactury,  I  thought  it  might  be  of  interest  here,  and,  if  1 
am  allowed  to  make  a  sketch,  I  will  detail  its  particular  features. 
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The  shell  of  the  valve  is  of  cast  iron,  and  is  cast  fast  to  a  short 
section  of  the  main  from  the  accumulator.  The  valve  stem  is  bi-ass. 
The  essential  features  of  this  valve  are:  First,  it  can  be  packed 
without  slintting  down  the  water  pressure  in  the  main  and  tlina 
throwing  out  of  service  all  other  machines  getting  pressure  water 
from  the  same  main.  Second,  the  conetruction  is  cheap,  there 
being  bvit  a  small  amount  of  machine  work  on  it.  Third,  Iher  is 
no  seat  which  needs  grinding  to  keep  it  in  working  order,  and  no 
flat  Bnrfitces  to  the  seat  between  wliieli  sniall  particles  in  the  water 
can  lodge  and  prevent  the  valve  from  eloeing. 


Fio.  349. 

Keferritig  to  tlic  skttch  (Fig.  24!!),  the  east-iron  shell  is  shown 
here  as  marltod  as  C.  The  stem  5,  of  brass,  has  a  square  end  to  take 
a  lever  ur  hand-wheel.  The  inside  end  of  the  stem  carries  a  small 
brass  waslier  W,  which  is  fitted  loosely  to  the  main  valve  stem  S. 
Back  of  the  valve,  as  here  sliown,  is  sketched  a  flange  F,  which  is  on 
a  wronght-iroii  pipe  leading  from  the  valve  to  the  machine  to  which 
the  pressure  water  is  to  be  led.  Tiiis  flange  is  bolted  fast  to  the 
valve  shell,  making  t!ie  joint  between  the  valve  and  the  wrought- 
iron  pipe  to  the  machine.  The  sharp  corner  left  on  the  cast-iron 
shell,  where  the  washer  TF  is  shown  as  touching  that  part  of  the 
shell,  cuts  in  to  the  brass  washer  when  it  is  forced  to  its  seat  when  the 
valve  stem  is  screwed  up,  thus  making  a  tight  joint.  Any  matter 
lodgiTio^at  the  scat  is  forced  to  one  side  or  the  other  of  the  sharp  cor- 
ner. This  valve  as  sketched  was  used  at  750  lbs.  pressnre,  and  was 
quite  satisfactory.  There  is  no  method  here  to  prevent  the  stem 
from  blowLiifi  out  if  carelessly  unscrewed  too  far,  wliieh  in  one  in- 
stance did  happen,  and  narrowly  escaped  injuring  a  man.  To  pre- 
vent this  an  encircling  stop  can  be  fastened  to  the  shell,  which  will 
limit  the  throw  of  the  valve  stem. 

I  should  like  to  ask  if  the  Emery  valves  have  any  valve  stems 
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which  have  to  be  packed,  and  if  so,  what  means  he  takes  to  pack 
these  valve  stems,  as  that  frequently  causes  trouble, 

Mr.  Ilenning, — Yes,  sir ;  they  require  packing,  of  oonrBe.    The 
packing  is  simply  a  leather  ring.       The  valve  seat  is  shown  Kid 
(Fig.  246).     The  stem  rises,  and  tlie  liquid,  of  course,  comes  out 
through  A;  there  is  a  space  all  around  the  stem.     This  valve  stemi 
must  be  packed.     To  pack  it  there  is  a  recess  with  a  leather  packing 
ring  e.     Tlie  packing  ring  is  held  in  place  by  the  gland  f.    It  hu 
a  screw  thread  to  hold  it  in  place.     These  packing  rings  have  the 
thickness  of  one  piece  of  leather,  sometimes  two.     If  there  is  the 
slightest  leakage  under  e,  a  little  pressure  applied  by  screwing  down 
the  gland  will  make  it  perfectly  tight.    These  valves  are  generally 
too  small  to  use  cupped-leather  packing.     In  the  cylinder  of  the 
testing  machine  there  are  cu]>-leathep  collars,  and  they  are  tight  for 
a  certain  length  of  time.     They  do  keep  tight,  when  frequently 
using  the  testing  machine,  for  six  months  or  more.     But  after  that 
there  is  no  telling  how  long  they  will  keep  tight. 

Mr.  Nason. — What  is  the  diameter  of  the  inlet  t 

Mr.  Ilenning. — The  largest  that  I  know  of  are  an  inch  and  a  half 
valve.     They  are  just  about  an  inch  opening. 

Mr.  Nasofi. — What  was  the  thickness  of  the  metal  ? 

Mr.  Ilemiing. — ^About  three-quarters  of  an  inch  in  the  thinnest 
part. 

Mr.  A,  IT.  Raynal. — In  trying  some  of  our  hydraulic  machinery, 
recently  purchased  abroad,  I  frequently  found  the  valves  leaky.  In 
correcting  some  of  them  I  had  to  make  both  new  casings  and  new 
scats,  and  in  ignonince  of  Mr.  Emery's  successful  special  metal,  I 
used  Prof.  Thurston's  alloy.  I  was  much  pleased  with  the  sacoese 
of  it.  It  was  very  dense  and  strong,  and  I  have  had  no  trouble  with 
the  valves  since. 

Mr.  H.  D.  Hihhard. — I  might  say  that  the  steel  works  of  this 
country  use  hydraulic  machinery  very  largely,  and  the  valve  which 
is  in  general  use  in  them  is  the  Critchlow  valve,  which  answers 
most  purposes  very  well  indeed,  and  as  the  patent  on  it  quite  re- 
cently ran  out,  it  seems  to  be  a  very  good  valve  to  use  for  hyc'raulic 
purposes. 

Mr.  C.  M.  W.  Smith. — I  would  like  to  ask  if  tlie  seat  in  the 
Emery  valve  is  independent  of  the  body,  or  is  it  a  piece  cast  with 
the  bodv  i 

J//*.  Ihrnnng. — The  lower  end  of  the  valve  comes  down  onto  the 
bearing.     It  is  not  screwed  into  the  stem  of  the  valve  at  all,  bnt  the 
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lower  end  of  tbe  stem  is  simpl;  finished  off.  The  main  point  is 
that  the  Beat  and  valve  be  sooori-ectly  made  that  tho  shank  will  be 
aecoratelj  in  line  with  the  bearing  and  that  there  is  no  possibility 
of  variation.  Jnet  as  soon  as  you  attach  an  end  to  that  shauk  there 
it  will  be  extremely  difliL-ult  to  get  it  exactly  concentric  with  the 
bearing  and  with  the  seat  So  long  as  that  is  not  abaohitely  true 
yon  cannot  have  a  tigiit  valve. 

Mr.  C.  M.   W.  Smith. — The  question  is  in  regard  to  the  seat. 

Mr.  Bennmg. — The  seat  is  a  solid  seat.  It  ie  one  solid  piece  of 
metal.  If  it  does  begin  to  leak  all  that  is  necessary  is  to  ream  it 
oat  a  little. 

I  have  jnst  been  asked  another  qnestion  abont  the  valves,  and 
that  is,  why  they  siioiild  be  tighter  when  the  pressure  rune  higher. 
It  is  simply  that  tlie  pressure  under  the  valve  in  the  tube  forces 
the  valve  seat  againattbe  valve,  and  the  higher  tbe  pressure  is  when 
jou  once  have  ch>ricd  the  valve,  the  tighter  the  valve  will  close. 

No.  410-82. 

Is  it  better  or  not  to  have  the  lead  increase  wiih  the  loai]  in  high-sjieed 
automatic  engines,  and  Lf  so,  wh7 ! 

M-r.  W.  0.  Wehber. — As  I  offered  that  topical  qnestion  for  dis- 

cnssion,  I  would  say  that  I  asked  the  question  very  largely  for 
information,  and  I  slionld  like  very  much  to  hear  what  tlie  other 
members  who  have  Jiad  more  experience  than  I  have  to  say  abont 
it,  "What  led  me  to  propose  this  topic  was  this,  that  in  testing 
very  many  high-speed  engines  for  close  regulation,  with  the  shaft 
governor  set  so  that  the  path  of  the  eccentric  or  eccentric  pin  was 
squarely  across  the  shaft,  so  that  the  lead  did  not  increase,  I 
found  a  i;reater  variation  in  the  revolutions  between  extreme  high 
load  and  tlie  engine  running  light  than  I  did  with  an  increased 
lead,  I  found  it  out  by  accident  in  testing  an  engine  without  the 
key  inserted  in  the  governor.  This  was  a  governor  separate  from 
the  pulley.  In  making  some  adjustments  the  governor  plate  got 
moved  ahead  about  one-eighth  of  an  inch,  and  it  showed  immedi- 
ately a  much  closer  regulation,  and  we  then  attempted  to  find  out 
wlietiior  that  was  due  to  the  increased  angnlar  movement  ahead  or 
otherwise,  and  not  fnlly  convincing  myself,  I  therefore  asked  the 
question. 
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No.  410-83. 

Haye  yon  had  anj  exx>erience  with  systems  for  parifieatioii  of  had  feed-wtter 
hefore  it  gets  into  a  steam-boiler,  either  by  chemical  precipitation  or  otherwise! 

Jitr,  Ezra  FawcetL — We  have  been  using  a  feed-water  for  the 
boiler  at  our  works  from  an  artesian  well,  which  deposited  a  white 
substance  in  the  boiler,  but  little  hard  scale.  In  order  to  purify 
and  Iieat  the  feed-w*ater  as  much  as  possible  we  constructed  an 
open  heater,  which  could  be  easily  cleaned  and  attended,  about 
two  feet  diameter  by  six  feet  high,  with  a  perforated  plate  two  feet 
from  the  bottom,  with  a  suitable  door  above  the  plate  to  get  inside 
and  fill  the  space  above  the  plate  with  foundry  coke.  We  let  the 
exhaust  steam  enter  below  the  plate,  pass  through  the  coke,  and  the 
feed- water  come  in  at  top  and  pass  down  through  the  coke  and 
exhaust  steam.  By  this  plan  we  precipitate  much  of  the  impurities 
of  the  feed-water,  heating  the  feed  to  near  the  boiling  point  and 
with  results  which  were  very  favorable  to  the  coal  pile. 

Air,  John  A.  Laird. — We  have  had  some  experience  in  the  St 
Louis  Water  Works  with  the  live-steam  feed-water  heater  and 
purifier  manufactured  by  Mr.  Hoppes,  of  Springfield,  O. 

It  has  been  in  use  for  two  years  now,  and  has  given  very  good 
satisfaction,  though  considerable  more  water  is  evaporated  in  the 
battery  of  four  boilers  to  which  it  is  attached  than  was  originally 
intended.  The  water  used  is  Missouri  River  water,  which  is 
very  muddy  and  forms  a  hard  scale  which  must  be  removed  with 
the  scaling  tool. 

The  boilers  which  have  the  purifier  on  show  a  very  small 
amount  of  scale  near  the  point  where  the  feed- water  enters,  and 
there  is  no  doubt  but  that  the  purifier  would  catch  all  the  scale  in 
the  water  if  it  was  not  working  above  its  rated  capacity. 

Mr.  H.  H,  Suplee. — In  some  experiments  which  I  made  a  few 
years  ago,  1  found  that  the  purifying  capacity  of  a  heater  depends 
very  much  on  its  cubical  contents,  or,  in  other  words,  npon  the 
length  of  time  which  it  takes  a  given  volume  of  water  to  pase 
through  it.  AVhile  the  heating  capacity  of  several  heaters  maj 
be  the  sHine,  3'et  in  that  through  which  the  water  passes  rapidlj 
much  less  of  impurities  will  be  deposited  than  in  another,  where  tin 
water  can  remain  nearly  stagnant  or  as  in  a  tank.  In  this  lattei 
the  carbonates  and  most  of  the  clay  and  earths  would  settle  and 
remain.  The  defect  of  most  heaters  results  from  the  attempt  tc 
crowd  too  much  heating  surface  into  too  small  a  volume,  or  within 
too  restricted  a  shell. 
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No.  410-84. 

What  pxpprience  have  jon  had  with  power-moulding  machines  in  the 
foundryt    \Vli«t  diHarence  do  they  niftke  in  the  oiitpul! 

Mr.  Kdgar  Penney, — I  will  girc  an  experience  of  nij  own  with 
a  simple  power-moulding  macliine.  Precious  to  its  use  a  man  and 
boy  pnt  up  but  33  snap-flasks  a  day. 

Tlie  machine  was  made  something  after  the  style  of  an  upright 
drill  (Fig.  248),  with  a  conntorhalanced  ram  having  a  platen  ahont 


Fio.  34a 

IS  inches  square  on  the  lower  portion  of  the  same.  This  ram-har 
was  actuated  by  a  pair  of  grooved  friction -wheels  applied  very 
similarly  to  the  lifting  or  npper  works  of  a  Merrill  drop-hammer, 
by  forcing  a  pair  of  revolving  roUa  agdnat  the  grooved  npper  part 
of  the  nim-hiir. 

Tiie  flasks  were  provided  with  trunnions,  the  patterns  upon 
plates. 

A  man  and  two  hoys  have  put  up  with  this  machine  16(i  12-inch 
snap  flasks  per  day. 

This  increase  in  output  was  gained  by  the  time  saved  by  mechan- 
ical ramming  and  the  facility  with  which  the  flask  was  tnrned  and 
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iTicanipulated,  and  by  having  a  number  of  snap  flasks  and  duplicate 
pattern  plates. 

The  work  as  it  came  from  the  machine  was  passed  along  the 
bench  to  the  moulder,  who  did  the  drawing  of  the  pattems  and  the 
dressing,  a  boy  carrying  to  the  floor. 

Tlie  flask  used  was  about  a  12-inch  cast-iron  open  or  snap  style, 
and  the  work  done,  shield  plates  and  small  gears,  in  fact  anything 
which  could  be  put  on  the  12-inch  plates,  was  saccessfuUy  handled. 
The  sand  was  simply  shovelled  or  piled  up  on  to  the  flask  to  any 
convenient  height,  no  attention  being  paid  to  this  feature  so  long 
as  sand  enough  was  provided. 

The  platen  was  then  forced  down  on  this  conical  heap  of  sand 
piled  upon  the  pattern  plate  and  flask,  the  result  being  much  more 
even  ramming  than  could  possibly  be  done  by  hand  bench 
moulding. 

With  two  hand  rammers  moulders  are  apt  sometimes  to  ram 
unevenly,  and  this  is  clearly  shown  in  flat  work;  by  exposing  the 
casting  to  light  at  an  angle,  you  can  detect  each  blow  of  the  hand- 
rammer. 

With  the  machine  the  pressure  of  the  platen  on  the  cone  of  sand 
seemed  to  permeate  the  whole  mass  of  sand  and  produced  even 
pressures  upon  the  face  of  the  pattern. 

After  pressing,  the  surplus  sand  was  struck  off.  I  might  add 
that  the  pressure  upon  the  sand  was  regulated  as  near  as  may  be, 
according  to  the  area  of  the  flask  operated  upon,  by  two  methods. 
The  first  was  to  use  the  momentum  of  the  driving  fly-wheel  and 
exhaust  that.  The  next  method  and  most  successfal  one  was  to 
put  an  adjustable  weighted  idler  on  the  belt,  allowing  the  belt  to 
slip  at  the  moment  the  proper  pressure  to  suit  the  area  of  the  work 
was  exerted  upon  the  flask. 

Mr.  Nasoiu — Do  we  understand  that  the  pattems  were  in  halves 
and  the  two  halves  put  on  the  opposite  sides  of  the  plate  t 

Mr,  Penney. — The  patterns  were  made  in  halves  and  mounted 
upon  a  pI:ito.  We  will  take,  for  instance,  a  pattern  of  a  small 
truck-wlieel,  where  the  web  of  the  wheel  is  in  the  centre. 

This  jiattern  was  parted  right  through  the  middle,  half  of  it  put 
on  ciicli  side  of  the  plate. 

The  flasks  at  the  joints  were  accurately  planed,  the  plate  fitting 
between  the  same,  guided  by  dowels. 

The  manner  of  operating  was  to  put  the  drag  flask  npon  the 
fixed  ])]aten  of  the  machine.     The  plate  was  then  laid  upon  the 
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flask,  fitting  the  dowel  pins.  Upon  that  was  put  the  "cope"  or 
Dpper  half  of  the  flaak.  A  boy  then  filled  the  "  cope  "  with  sand, 
heaping  it  op.  In  fine  casting  tlie  workman  shook  a  handt'iil  of 
prepared  Jreasing  from  a  eieve  over  the  pattern,  Bomtjtiinee  tamp- 
ing it  to  the  surfaces  with  his  fingers,  then  threw  in  the  rough 
sand,  applying  the  pressni-e,  struck  oS  the  earphts  sand,  threw  np  a 
pair  of  hooka  which  locked  tlic  two  dueke  together  and  relensed 
a  catch  which  allowed  a  pair  of  eoiintor-weighted  forked  rods  or 
bearers  to  move  upwards,  which  canght  under  and  carried  the 
trunnion  provided  upon  the  plute  or  dask. 

The  flask  was  raised  clear  of  the  tahle;  tlie  "cope"  being  flllod 
with  sand,  by  its  own  grnvity  turned  over.  The  workman  pressed 
tho  lifting-rods  back  by  applying  his  foot  to  a  treadle.  The  filling 
and  ramraing  being  repeated  and  flask  shoved  along  the  bench  to 
the  moulder,  the  machine  being  kept  continually  at  work,  enough 
flasks  and  patterns  being  provided  for  this  purpose. 

The  principal  feature  in  this  machine,  aside  from  the  appli- 
cation of  power,  was  its  convenient  arrangement  and  its  being 
adapted  to  suit  all  sizes  of  flask  within  its  scope  without  special 
adjustment,  and  that  no  particular  care  need  be  exercised  in  the 
amount  of  sand  which  was  piled  upon  the  flask. 

This  machine  would  take  nDything  from  a  flask  an  inch  deep  I 
up  to  2i  inches  high  to  18  inches  square. 

Mr.  Carleion  W.  JVaeori.~Do  yon  use  a  pattern  dropped  through 
a  plate,  as  is  commonly  done  now  f 

Jlfr.  Penney. — Some  moulding  was  done  in  that  way. 

Mr.  Nmon. — I  don't  think  you  qnite  understand  the  method  I 
mean.  With  the  machine  I  have  in  mind  one-half  of  a  pattei'n 
was  used.  Tins  was  laid  upon  an  iron  plate,  and  after  being 
marked  out  a  iiole  was  cut  through  the  plate,  through  which  the 
pattern  could  be  dropped.  The  fit  was  necessarily  a  nice  one,  so 
that  no  sand  could  follow. 

The  pattern  is  then  fastened  to  a  stift  frame  beneath  tho  plate, 
which  is  capable  of  liaving  a  drop  motion  of  from  ^  to  -}  inch 
which  ie  given  by  any  mechanical  device,  say  either  lever  or  cam. 

Snap-flasks  were  used,  as  in  the  case  which  Mr.  Penney  cites.  In 
starting  to  mould,  a  flask  was  placed  on  the  plate,  filled  with  sand, 
the  latter  being  rammed  up  witii  a  foot-motion  and  lever  to  any 
desired  degree  of  firmness.  The  pattern  was  then  dropped  down 
fiirough  the  plate,  as  stated,  leaving  the  sand  behind  it,  and  the 
flask  removed  with  the  sand  from  the  plate. 
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The  cope  was  similarly  made,  and  the  second  half  being  thns 
placed  on  the  first,  the  mould  was  complete. 

It  is  obvious  that  this  form  of  machine  was  only  adapted  to 
classes  of  work  where  both  sides  of  the  pattern  were  alike;  and 
there  were  adjusting-screws  in  each  end  of  the  plate  in  the  machine 
for  the  purpose  of  adjusting  the  position  of  the  flasks  and  the  pat- 
terns, by  means  of  the  pins  on  it  coming  at  the  fixed  places  indi- 
cated by  the  screws. 

After  the  mould  was  finished  the  flasks  were  both  removed  to- 
gether and  the  process  recommenced. 

Gates  were  on  the  plate  by  the  pattern,  so  that  no  time  was  lost 
in  cutting  them  out  of  the  sand  afterward,  and  the  mould  wag 
complete  without  "doctoring"  after  being  removed  from  the 
machine. 

The  capacity  of  these  machines  with  flasks  about  10  x  14  wag 
from  150  to  175  per  day  for  each  man,  including  the  labor  of 
pouring. 

Mr,  Penney, — Do  you  mean  the  use  of  what  is  called  the  "  strip- 
per "  ? 

Mr,  Nason, — I  do  not  know  it  by  that  name. 

Mr,  Penney, — The  method  which  you  describe  is  what  I  would 
call  using  a  stripper.  This  machine  was  sometimes  used  in  that 
way.  It  is  not  every  kind  of  pattern  which  can  be  moulded  by 
using  a  stripper-plate. 

I  simply  speak  of  this  experience  of  mine,  and  am  not  interested 
in  any  moulding  machines,  to  show  the  difference  in  the  amount 
of  work  accomplished  by  power-moulding  compared  with  hand, 
and  account  for  it  by  attributing  the  saving  to  the  time  gained  in 
ramming  up  and  handling  the  sand,  which  was  done  by  one  opera- 
tion— the  fall  of  the  power-platen  did  the  ramming ;  also  to  the 
handling  of  the  flask,  which  was  much  facilitated,  and  to  the  use 
of  plate-moulding  and  division  of  labor,  as  it  were. 

I  have  knowledge  of  power-moulding  machines  in  use  in  which 
effort  is  made  to  distribute  the  ramming  pressure  over  the  pattern, 
if  it  be  of  an  irregular  shape,  by  use  of  multiple  rammers  or  yield- 
ing surfaces,  the  object  of  which  is  to  "keep  an  equal  pressure  on 
the  sand  to  suit  the  varying  depth  of  the  sand  or  the  irregularity 
of  the  patterns. 

This  refinement  did  not  prove  to  be  necessary  on  ordinary  work 
in  the  flask  of  the  size  used. 

Pile  upon  the  flask  sufficient  sand,  cone-shaped,  let  the  pressure 
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come  down  iirraly  and  grsduallj,  and  jou  will  find  with  the  ordi- 
nary pattern  (there  may  be  some  very  irreguiar  ptittenia  which 
could  not  be  reached  by  this  flat  platan  proct!6s)  that  the  ramming 
is  very  even  indeed. 

There  appeared  to  us  no  neeeseity  for  irregular,  yielding,  or  mul- 
tiple rammerB  to  be  used  for  flasks  up  to  18  inches  square. 
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APPENDIX  n. 

GENERAL  SOLUTION  OF  THE  TRANSMISSION  OF 
FORCE  IN  A  STEAM-ENGINE  AS  INFLUENCED  BT 
THE  ACTION  OF  FRICTION,  ACCELERATION,  AND 
GRAVITY* 

D.   8.  JACOBV8,t  HOBOKXM,  H.  J. 

This  problem  has  been  discussed  by  many,  bat  the  author  has 
met  witli  no  perfectly  general  solution.  Various  approximftte 
ones  are  employed  in  general  engineering  work  involving  errors 
of  unknown  magnitude.  The  author  has,  therefore,  endeavored 
in  this  paper  to  present  a  general  set  of  equations  by  means  of 
which  the  errors  of  the  more  approximate  ones  may  be  ascer- 
tained. 

The  following  general  conditions  have  been  assumed : 

(a)  That  the  centre  of  tlie  crank  shaft  is  not  necessarily  on  tlic 
line  of  travel  of  the  wrist-pin  ;  J 

(b)  that  the  centre  of  gravity  of  the  connecting-rod  is  not  necefr 
sarily  in  its  line  of  centres  ; 

(c)  that  the  crank  revolves  at  a  uniform  speed ; 

(d)  that  the  mass  of  the  moving  parts  is  distributed  in  an] 
manner ; 

(e)  that  the  line  of  travel  of  the  wrist-pin  is  not  necessarily  hor- 
izontal or  vertical ; 

(J^  that  there  is  friction  between  the  parts. 

*  This  A])i>endix  is  added  in  response  to  the  request  made  at  the  New  Yorl 
meeting,  wher(3  the  original  paper  was  presented.  See  page  492  of  tbls  (Xltb 
volume.  It  is  reprinted  from  the  Annals  of  MathemaHcM,  Febmary,  1890.  an 
was  forced  out  of  its  place  in  the  First  Part  by  reason  of  the  delay  referred  % 
on  page  52G. 

f  I  am  greatly  indebted  to  Prof.  J.  Burkitt  Webb  for  valaable  aaaisUiioe  i 
preparing  this  article,  many  of  the  equations  having  been  worked  oat  indepea 
dently  by  him,  and  compared  in  order  to  check  the  final  result.  The  metbod 
employed  in  the  solutions  have  also  been  in  a  great  meaaaie  suggested  by  blm. 

i  Engines  are  now  in  use  that  require  this  condition  to  enter  the  equatloBl 
for  example,  the  Westinghouse. 
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Fig.  ^51  represents  the  maiD  line^'of  an  ongiDe  referred  to  the 
horizontal  axis  OX,  coinciding  with  the  Hue  of  travel  of  the  wrist- 
pin,  0  being  the  extreme  point  of  its  travel  and  0  Y  the  vertical 
axis ;  the  directions  of  the  various  quantities  are  indicated  by 
arrow-heads. 


Let  F^  =  the  force  to  accelerate  the  piston-rod,  and  cross-head ; 

^i ,  £%  and  T"i ,  Y-t  =  the  x  and  y  componeuta  of  the  forces 
which  accelerate  tlie  connecting-rod,  applied  at  the  wiist  and 
cr-ant-pins  respectively ; 

Ji  =  radius  of  the  crank  ; 

n^  =  length  of  the  line  joining  the  wiist  and  crank-pin  cen- 
tres ; 

27?  =  distance  from  the  wrist-pin  to  the  foot  of  the  perpendicu- 
lar let  fall  from  the  centre  of  gravity  of  the  connecting-rod  upon 
this  line ; 

c7?  =  length  of  this  perpendicular ; 

bJi  =  perpendicular  from  the  centre  of  the  crank-shaft  upon  the 
line  of  motion  of  the  wrist-pin ; 

0  -  crank  angle  ; 

/3  =  connecting-rod  angle  ; 

M  =  mass  of  piston,  piston-rod,  and  cross-head  ; 

m  =  mass  of  the  connecting-rod,  and 

kli  =  its  principal  radius  of  gyration  ; 

}V,  =  weight  of  tiie  pistou,  piston-rod,  and  cross-head  ; 

((■'^  —  weight  of  tlie  connecting-rod  ; 

r  =  angular  velocity  of  crank  ; 


±uo  (jenerai  vume  oi  x,  me  co-oraioaie  oi  uie  wn 
«'=Vi^  +nJif~V'Ji'~  ^(coa  6  +  n  cos 
Prom  the  ligore  we  have 


therefore, 

C08  ^  =  --  V  n'  -  (sin  5  -  bf, 
which  reduces  (1)  to 

=»  =  VJ7i  +  nlif  -  l^  J{'  -  R  [cos  B  +  V  n'  -  (sin 
Differintiating,  we  hare  . 

^^       T>(   ■     a  .      (sin  «  -  6)  C08  ^     \ 

and 

iPx  f  Bin  tf  (sin  9  —  V)  n*  co 

For  brevity,  let 

n^coB^tf  ain  g  (ain  g—  V)     _ 

L"'  -  (sin  B-W^      Vn>  -  (sin  ff^^^  " 
then 


rfC, 


=  «  (cob  ff  +  Z). 


SOLUTION  OF  THE  TRAJ 

fcOBCEB  BEQinBED  TO  ACCELERATE  THE  CONNECnSG-EOD. 

The  general  eqnations  for  the  forces  to  accelerate  the  coo- 
»ecting-rod  have  been  clerivefl  by  two  methods : 

1.  By  determining  tlie  forces  at  the  centre  of  gravity  required 
to  vary  the  tronBlation  of  the  mass,  and  the  moment  necessary 
for  its  angular  acceleration. 

2.  By  assnming  the  mass  of  the  rod  to  be  symmetrically  ar- 
ranged, say  in  two  equal  and  opposite  portions,  at  a  distance 
from  tlie  centre  of  gravity  equal  to  the  radius  of  gyration,  and 
determining  the  forces  and  moments  required  for  the  accelera- 
tion of  such  a  representative  rod. 


FIRST  METHOD. 

The  motion  of  the  connecting-rod  is  composed  of  a  trans- 
lation of  its  centre  of  gravity  and  a  rotation  of  the  rod  about  it, 
this  translation  and  rotation  being  so  related  as  to  cause  the 
wrist-pin  to  follow  a  right  line,  and  the  crank-piii  a  circle.  This 
motion  might  be  considered  as  a  rectilinear  translation  of  the 
wrist-pin  and  a  rotation  about  it,  but  is  not  so  taken,  because  the 
centrifugal  forces  of  the  parts  of  the  rod  are  not  balanced  about 
that  point,  and  complicate  the  problem. 

To  dt^termine  the  forces  at  the  wrist-  and  crank-pins  required  . 
to  accelerate  the  centre  of  gravity,  we  determine  the  force  neces- 
sary when  applied  at  that  point,  and  resolve  it  into  two  equiva- 
lent forces  applied  at  the  wristband  crank-pins,  which  latter  forces 
will  be  inversely  proportional  to  their  lever  arms  about  the 
centre  of  gravity.  We  thus  obtain  forces  at  the  pins  that  will 
produce  translation  only. 

To  determine  the  rotative  forces  we  find  the  moment  necea- 
sarj'  to  produce  the  rotation,  and  then  place  such  equal  and 
opposite  forces  at  the  pius  as  will  produce  it. 

The  sum  of  the  translative  and  rotative  forces  at  the  pins  will 
be  the  total  forces  required  to  produce  the  complete  acceleration 
of  the  rod. 

Let  X  and  y  be  tlio  co-ordinates  of  the  centre  of  gravity  (see 
Fig.  2ol) ;  then  we  have 

^  =  V{R~+nU'j^^l?"R'  -  R  [cos  i?  +  (k  -  I)  cos  ;3  -I-  csin  fi\. 


and 


dx     „  /  .    o  ,   { »—  0  (sin  6—  b)aos  8      c  cos 
-  =  g  t^sin  e  -h  ——-— — --  -^  ^ 


Bv'ft'  —  (.Bin  tf  —bf      [i^  —  (si 


Introducing  the  values  of  Z  and  f  from  (5)  and  (7),  «< 


liOt  ^i  be  the  2;  component  of  the  translative  force  a 
of  gravitj ;  then 

JV=  mT*Ii  fcostf  +  ^-^  Z+-^sinffl  . 


From  Fig.  2ol  we  have  for  the  ordinate  of  the  centre 

y  =  IS  sin  ^  +  cB  uoB  /3  =~  {Bin  P -b)  +  —  y^?^ 

Differentiating,  we  have 

'^y  ^  i?(i         n        c  (sin  tf  -J)  006  ff  \ 
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In  order  to  detennioe  the  rotative  forces,  ive  proceed  as  follows : 
From  (2)  we  liave 

dfi  _    cos  e 

dt)  ~  n  cos  (i 

d»/3 _  sing  oo6''g (sin  8-b) 


Vn*  ~  (sin  $  - 


f  u=  —  (sin  6 


-bf]i 


from  which  it  folloVB  that  the  moment  required  to  prodaoe  the 
rotation  will  be 


8^p  f  SJQ  ^ cos't^ (ain  9  —  h)   \        ,-,. 

Vn'  -  (sin  C  -  if       ["'  -  (ain  ^  -  A)']l  / ' 

Let  i^ie,  Df  >*iid  fw,  £«  be  tiie  horizontal  and  vertical  forces 
acting  at  the  wrist-  and  crank-pins,  respectively,  iuto  which  the 
forces  F,  and  Fy  are  divided  ;   then  we  have 

D„nR  an  fi  =  F,[{n  -  n  R  wa  0  -  cR  cos  yS], 
and 

D^nR  sin  >J  =  FJIR  sin  /3  +  c-K  cos  /5) ; 
from  which 


I>u. 


:5):y 


^U      n  /  \n  n{sme-b)       '      ^ 

Dividing  the  vertical  force  F^  between  the  wrist-  and  crank 
pins  in  the  same  way,  we  have 

Fy  [{n  -  l)R cos  p  +cR  sin  p]  =  F„7iR  COS.  0, 
and 

FJ.IR  cos  (i-cR  siu  /3)  =  E^nR  cos  yS ; 

from  which 

/n-  I  c  (sin  6-1         \ 

and 
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The  value  of  M^  given  in  (11)  may  be  written 

Mr  =  im'^I^—  ^i  sin  /?  -  mT^H^  sin  6  .ncosfi; 

therefore  the  rotation  may  be  produced  by  two  equal  and  op- 
posite forces  in  the  X  direction  at  the  wrist-  and  crank-pins  equal 

to  ±  mr^E  — -Z,  together  with  a  second  set  applied  in  the  y  dire^ 

tion  at  the  same  points  equal  to  ±  iv?rji     ^  sin  B* 

Adding  these  forces  to  those  required  to  produce  the  transla- 
tion, we  have  the  total  accelerating  forces, 

Fi  =  ^^  +  mr^i?^  sin  B  (16) 

Tj  =  ^c  -  WT»^— sin  B,  (17) 

X,  =  D„+mT^Ii^^Z,  ,  (18) 

X,  =  A-mr2i?-^Z.  (19) 

Substituting  the  values  of  E„,  E^,  D^  and  D^  as  given  in  equa- 
tions (12) -(15),  in  equations  (16) -(19)  the  accelerating  forces 
become 

\r  2  7?  r/^L^i  c  sin  6^  -  J)        \ 

L\    '^         uy/n^  -  (sin  B  -  hV 


X^  —  mT^Ii 


(4sin^+^z)+^sin<?].(2l) 

7?  -  I  __  c^:;;rzr(^  B  -  hf\ 

L\    7/  71  (sin  6  —  b)       / 

(^cos^  +  '~~Z  +-  sinsW^zl,  (22) 

*  Tliis  division  of  J/,,  reduces  the  values  of  ibe  accelerating  forces  to  a  form 
in  wliich  the  value  of  Z  may  be  emplojed,  and  namerica]  computatioDB  thiu 
facilitated. 
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L\  n  n{sm  a  ~bf      J 

^  C08  fl  +  ^^Z  +  -^  Bin  (j)-  ^  Z. 


SECOND  METHOD. 

Fig.  352  represents  the  main  Hdos  of  an  engine  in  accortianoe 
witli  the  second  auppositiou ;  kR,  kB  are  two  radii  of  gyration 
drawn  from  the  centre  of  gravity  parnllel  to  the  line  AB  joining 
the  centres  of  the  crank-  and  wrist-pina,  and  the  mass  is  supposed 
to  be  concentrated  in  two  equal  portions  at  their  extremities  D 
and  E.  This  reduces  the  consideration  of  the  motion  of  the  rod 
to  the  more  simple  discussion  of  that  of  the  two  concentrated 


r. 

r, 

r 

V 

/           A 

^^?r--^H^^i=^^--. 

0 

/ 

liR 

/ \ - — ^- — ' 

Let  the  co-ordinates  of  the  masses Z^ and  ^be  iB|,yi  and  X2,i'j, 
respectively ;  then  we  have 

X,  =  C,-  Ji  [cos  ^  +  (ji  -  ;  +  i)  cos  /5  +  c  sin  /?], 

in  wliich  C\  is  the  distance  from  the  centre  0  to  the  ordinate  of  D 
when  the  crank  is  on  the  inner  dead  centre. 
Differentiating  the  above  value  otx^,  we  have 


/l[cos 

0  +  («  - 

I  +  i)  (cos 

sin 

df  J 

-(-^^- 

-cos 

'^  df 

II  also 

follow 

from  Fig. 

252  that 

smO-b  =  yi 

sin  A 

)].(24) 
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from  which 


COS  B 


and 


d/3^ 

de     Vn'^sin  0  -  b)* ' 

cos*  0  (sin  0  —  b) sin  8 ^ 

[n*-{Bme-by]i       Vn*  -  (sin  «» -  b/ 


Substituting  the  values  of  —  and  — —  in  (24)  we  have 


(25) 


(25) 


cPxi 


i2    cos  6^  + 


n  — Z  +  Jk 


n'  oob'^ 


n 


{■    — 
L[n«-(sin»-6)«]i 

_     sin  0  (sin  O  —  b)  ') 
Vn»- (sin  (9=^0  ■*■ 


and  on  introducing  the  value  of  Z,  given  in  (6),  this  becomes 
(P^i      -n  (        n     n  —  l-^k„     csin^l 

Let  I'ax  he  the  force  required  to  produce  this  acceleration,  and 
we  have 

Y^  =  lmr^B[cose^^-^Z  +  '-^].         (27) 

Dividing  this  between  the  crank-  and  wrist-pins  gives  for  {he 
portions  acting  at  the  crank-pin  A 


n 


cos  ^  -h  Z 


CBin 


^]}<") 


The  force  required  to  produce  the  X  acceleration  of  the 
obtained  in  a  similar  way  to  Fax,  is 

1 


/;,  =  ^  mr'B 


cos  (^  H Z  -h , 

n      J 


n 


E, 


(29) 


and  its  component  acting  at  the  crank-pin  will  be 


TP    i      1      .  75  rZ  4-  i-  -f  c  cot  /? 
2  L.  n 


«' 


cos  0'  H -^ 


n 


,o^.J  ]. 


(80) 
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Adding  these  two  components  as  giTen  in  equations  (28)  and  (30), 
we  have  the  total  acoeleratiug  force  X^  at  the  crank-pin,  or 

F^A  +  F„A  r=  X,; 
from  which 

L\n  n(am  tf  —  b)      / 

Lo,e  +  5^'  z  +  '-^  -  ^  ^1.    (31) 

\  n  n     y      n'    J 

The  accelerating  force  Xi  acting  at  the  wrist-piii  may  be  found 
by  obtaioing  the  sum  of  the  forces  in  the  X  direction  at  the 
masses  I?  and  E  and  subtracting  A'„  or 

X,      F^^  F^-X,i 
from  which 

-^sinflV-X; 
n  J 


r*J?r/'"-^  _  V«'  -  (8in  ^  -  hr\ 
L\    n  n(aini?-J)       / 


-^  . 


To  determine  the  accelerating  forces  in  the  direction  of  the 
axis  of  Y  we  have,  for  the  mass  at  73, 

yi  =  R  \{l  -  A:)  sin  j8  -I-  c  cos  /3] ; 
from  which 

'5j  =  -Jj('— .m»+2z>  (38) 


Similarly,  for  the  mass  at  F 


^C-^»»»n^>  "     w 


If  F^i,  and  F,^  be  the  Y  accelerating  forces  for  the  masses  D  and 
F  respectively,  fre  have  from  equations  (33)  and  (34) 


-lmT'J!(^-'^Bme  + 


"-Z).  (35) 
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The  componeut  of  F^y  acting  at  the  crank-pin  will  be 

l  —  k  —  c  tan  ft 

71 


^-/t-o  ton  V 


1      2  „r?  —  h  —  c  tan  ftfl  —  k.^     c  J\"l.      ,._, 


and  of  Fey 


__     .      ?  +  i  —  c  tan  /3  ^ 
^V4= -^ -Fey 

1      •  jSl  4-  i  -  c  tan  fi/l  +  k   .    ^      c  -A  "I        .^. 

The  y  component  of  the  accelerating  force  acting  at  the  crank- 
pin  will  be  equal  to 

F^yA  +  F^A 
or 

Y2  =  F^yA  +  FeyA 

""  "  ''''''  ^L\n      nVn"  -  (sin  0  ^hf) 

(^Bin  6  +  ^z)  +-^Bin  »]•       (39) 

The  accelerating  force  Yi  acting  at  the  wrist-pin  may  be  found 
by  taking  the  sum  of  the  forces  in  the  Y  direction  that  accelerate 
the  masses  D  and  E  as  given  in  (35)  and  (36)  and  ^subtracting 
i2,or 

Yi  =  Fay  4-  F^y  —  Y2 

=  -  viT'Iif-  sin  ^  +  ^  Z) -  Y; 


L\    w         n\/n'-(sin^-6)v 


(lsia^H-^z)-^Bin(?}       (40] 


Equations  (40),  (39),  (32),  and  (31)  are  the  same  as  (20),  (21),  (22) 
and  (23) ;  the  first  and  second  methods  therefore  give  the  sanu 
results. 

R\TIO  BETWEEN  THE    LENGTH  OF  STROKE  OF  THE    PISTON  AND  THI 

RADIUS  OF  THE   CRANK. 

The  length  of  stroke  fi  will  be  the  distance  travelled  by  th( 
wrist-pin  between  the  two  positions  at  which  6  =  ^  ft, 

or  8  =  Bv(n~+  if-~U''-  5\/(n  -  1)*  -  P.  (41 


SOLUTION  OF  THE  TBAN8M1BSI0N  OP  FOECE. 


DETERMINATIOS  OF  THE  NET  FOEOEa  AOTIKQ  AT  TABIOCfl  POINTS. 
The  forces  concerned  in  the  action  of  an  engine  are  the  force 
of  the  steam  on  the  piston,  the  forces  required  to  accelerate  the 
parts,  and  their  weight  ami  friction.  We  will  first  determine  the 
effect  of  the  pressure  of  the  steam  combined  with  the  accelerat- 
ing forces,  omitting  the  weight  and  friction  of  the  parts. 


Let  P„  —  effort  of  the  steam  on  the  piston  ; 

G   —  reaction  of  cross-haad  guides ; 

Pa=  force  exerted  by  the  connecting-rod  upon  the  wrist- 
pin; 

Pj  =  force  exerted  bj  the  connecting-rod  upon  the  crank- 
pin; 

7?i  =  resultant  in  direction  of  the  centre  line  of  the  rod ;  * 

7'  —  tangential  component  of  P^; 

iV  =  radial  component  of  J\; 

H^  =  force  exerted  by  the  bed  on  the  crank-shaft 
The  force  exerted  by  the  steam  on  the  piston  is  equal  to  the 
difference  of  the  forces  exerted  on  the  two  cylinder  heads,  or  to 
the  force  acting  on  the  cylinder  as  a  whole  ;  its  equilibrium  may, 
therefore,  be  represented  by  two  lines  representing  the  pressure 
in  magnitude  and  direction  and  directly  opposed  to  each  other, 
as  sljown  in  Fig.  254,  the  resultant  of  which  will  be  zero. 

*  III  our  all"lysi^<  we  liHve  ijelermiiied  the  forces  et  llic  wrUt  nnd  crank-pios 
that  will  be  pquiinlent  in  Hccflerating cffrit  to  tbe  summaiioD of  ihe  elementary 
a  cede  rating  forces  acting  at  all  fortions  of  the  mass  of  ihe  rod,  bat  llipae  com^ 
(loneutsi  caonot  be  used  lo  obtain  the  internal  eiraiua  at  each  ponioii  of  the  rod. 
unless  the  law  of  the  TorieH  aciing  at  tlie  separate  elements  of  its  masa  is  in- 
cluded in  the  problem.  Ri  docs  not.  therefore,  represent  the  actual  force  along 
ibK  line  of  centres  ot  ibo  rod,  but  simjily  ihe  resultant  in  that  direction  that 
must  be  common  lo  the  |  olvgims  of  equilibrium  at  each  of  the  pins.  R,  will 
have  11  vnriitv  of  values',  acicinliiip  to  ihe  cliolce  of  the  forces  to  give  the  accel- 
erating moment  ;  but  it  \^  a  piiiii^i|.lt'  in  michanicB  that  the  estetnal  forces  can- 
not be  altered  by  thia  nii^uc 
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The  eqailibrinm  of  the  piston,  piston-rod,  and  cross-head  (see 
P,  Fig.  253)  is  represented  in  Fig.  255. 


Pa 


Fio.  254. 


From  the  pressure  of  the  steam  on  the  piston  there  most  be 
subtracted  the  force  /^  required  to  accelerate  the  mass  of  the 
piston,  piston-rod,  and  cross-head,  in  order  to  determine  the  force 


^a 


^ 


Fio.  2.55. 

in  the  direction  of  the  motion  of  the  piston  that  acts  on  the 
wrist-pin ;  let  this  force  be  F,  and  it  follows  that 

F^Pa-F,.  (42) 

The  equilibrium  of  the  wrist-pin  (see  Q,  Fig.  263)  is  repre- 
sented in  Fig.  256.  The  forces  transmitted  from  the  cross-head 
to  the  wrist-pin  are  the  horizontal  force  F  and  the  reaction  of 
the  guides  G,  and  these  are  in  equilibrium  with  the  force  P^ 


Fig.  256. 
From  Fig.  256  it  follows  that 


P^  =  ^{Pa-F,)'^G^  (43] 

Let  the  angle  made  by  Pu,  with  the  axis  of  X  be  ;^ ;  then 

P„  =  /'sec  r  =  {Pa  -  F,)  sec  y.  (44] 

The  equilibrium  of  the  wrist-pin  box  (see  9,  Fig.  263)  is  repre- 
sented in  Fig.  257.  The  force  P^  is  in  equilibrium  with  the 
force  7i?i,  in  the  direction  of  the  line  of  centres  of  the  connectiiig 
rod  and  the  accelerating  force  at  the  wrist-pin.  The  acceleratiiig 
force  at  the  wrist-pin  is  the  resultant  of  its  two  componentB  X^ 
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and  F|,  and  these  components,  ami  not  the  force  itself,  are  repre- 
sented in  the  figure. 


■^i^:^, 


Fio.  2S7. 
From  Pig.  257  we  have 

Ji,  ==  (P„  coay-  X,)  sec  /?. 


(45) 


The  equilibrium  of  the  crank-pin  box  (see  a,  Fig.  253j  is  repre- 
sented in  Fig,  258.  X^  and  7.,  together  with  B„  are  in  eqoilib- 
riam  with  the  pressure  Pc-     From  the  figure  we  have 


Fio.  256. 
P,  =  V  [{S;  COS  fi  -  X,)'  +  (i?x  sia  /?  -  y,)*]  (46) 

=  V  K-Pa  -  -fi  -  ^,  -  ^if  +  [{Pa  -J^i-  -ST.)  tan>3-  7,]'}. 
Let  the  angle  made  by  P^  with  the  axis  of  X  be  oo;  then 

P,  cos  a>  =  M,  cos  fi  -  Xf        .  (47) 

The  equilibrium  of  the  crank  pin  i,see  S,  Fig.  263)  is  repre- 
sented in  Fig.  259. 


Fio.  259. 
From  Fig.  259  we  have 

r  =  P„  cos  (90  -  f  +  <y) 
=  Pc  (sin  ^  cos  M  +  cos  ^  flin  co). 
From  Fig.  258 


m 
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On  introducing  the  values  given  in  (47),  (48),  (46),  and  (44),  in 
the  above  equation  for  T,  we  have 

7^=  (Pa  -  i^i  -  Xi  -  a:,)  sin  ^  -  r,  cos  0 

+  {Pa  -  i^i  -  Xi)  tan  /?cob/»; 
from  which 

T={Pa-Fi-  Xi)  sec  /3  sin  (^  +  /?)  -  Ti  cos  ^  -  Xj  sin  6.  (48) 
We  may  obtain,  in  a  similar  manner, 

iV^=(Pa- jP-Xi)sec/?cos(<9  +  /?)  +  r,sin  6^ -X.cos  ft  (50 
It  also  follows  from  Fig.  259  that 


P,^y/T^JrN\  (51) 

^  The  equilibrium  of  the  crank  shaft  is  represented  in  Fig.  260l 
The  force  P^  acting  on  the  crank-pin  will  be  transmitted  to  the 
crank-shaft,  and  this  force  will  be  in  equilibrium  with  the  press- 
ure on  the  crank-shaft  bearings  J2^,  and  the  weight  of  the  fly- 
wheel, and  the  force  exerted  on  the  shaft  by  the  mechanism  that 
transmits  the  power  developed  by  the  engine,  the  sum  of  which 
we  will  call  H^. 


Hr. 

Fig.  260. 

Let  (p  be  the  angle  made  by  H^  with  the  axis  of  X,  and  /i  that 
made  by  11^  \  then  from  Fig.  260 

11^  cos  /^  =  Pc  COS  CO  -h  Hi  COS  <p. 

Introducing  values  given  in  (48)  and  (45),  this  becomes 

II  =  (P„  -F,-  X.  -  X,)  sec ;.  =  ff,  ^  -^-  (52j 

The  equilibrium  of  the  bed  of  the  engine  (see  i?,  Fig.  253)  is 
represented  in  Fig.  261. 

The  forces  acting  on  the  bed  are  the  force  P^  at  the  cylindex 
head,  the  reaction  of  the  guides  G,  the  force  He  at  the  crank- 
shaft journals,  and  the  weight  of  the  bed,  which  we  will  call  B„ 
acting  at  the  angle  6  witli  the  axis  of  Y.  These  will  be  in  equi- 
librium with  the  force  between  the  foundation  and  the  bed  of  the 
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et^ne.     Let  thia  force  be  //(,,  and  the  angle  it  makes  witli  tbe 
axis  of  J  be  ; ;  then  it  follows  from  Fig.  261  that 

i/ft  COB  ^  =  Pa  —  He  COB  fi  —  S^  Bin  6} 
from  which 

-^ft  =  {K  -  ffc  C08  f~S„  Bin  6)  see  !.  (63) 

The  folloTFing  value  of  3'^ma.y  also  be  obtained: 

//j  =  y'[  (/;  +  Xi  +  Xi  -  //,  COB  9>  -  5„  sin  <S)' 

+  (B„cb8tf  +  (?  +cir8in;u)'].    (54) 
From  Fig.  260  we  have 

I/s  siu  ^  =  //i  sin  q>  —  Pc  sin  <«', 
which  substituted  in  equation  (54)  gives 

//;,  =  ^[h\  +;.Yi  +  A'a  -  //,  cos  <p-  B^  sin  rf)' 

+  (B„  COB  <5  +  G  +  II,  sin  ?»-/•,  sin  «)'] 

From  Figs.  255,  257,  and  258  we  obtain 

p,  8in<y=  G-y.  -y„ 

which  reduces  the  above  value  of  //„  to 

//j  =  y'[(F,  +  A',  +  a;  -  IT,  cos  (p  -  B„  sin  «)' 

+  (//,  sin  <p  +  B^  cos  <y  +  y;  +  y,)'].     (55) 

The  X  component  of  Ih,  which  we  will  call  H^  is 

IIi,=  ff.Gos!;. 
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Substituting  the  value  of  Hf,  as  given  in  (53),  this  becomeB 
Hf^  =  i^i  +  Xi  +  X3  —  ZTi  cos  <^  —  Ar  sintf. 

It  follows  from  (55)  that  the  Y  component  will  be 

i/»y  =  J"i  +  Y^  +  Hi  smqf  +  Bu,  cos  6. 

If  Xi  and  Yt  are  the  components  of  the  translative  force  tend- 
ing to  shake  the  bed,  they  will  act  in  an  opposite  direction  to  the 
forces  that  act  from  the  foundation  to  the  bed.    As  a  constant 
force  does  not  tend  to  produce  a  shake,  X^  and  7|  will  only  con- 
tain that  portion  of  H^,,^  and  Hf,^  that  is  variable.     The  weight 
of  the  foundation  B^g,  will  be  constant,  and,  provided  the  method 
of  transmitting  power  from  the  engine  does  not  alter  the  value 
of  III  f  which  is  ordinarily  very  nearly  so,  its  value  may  also  be 
considered  as  constant,  and  we  will  have 

X,=  ^Fi-'Xi-X^  (56) 

and 

r,=  -r,-.r^  (57) 

These  forces,  as  has  already  been  stated,  tend  to  translate  the 
bed  of  the  engine,  and  do  not  indicate  the  value  of  the  moment 
that  may  be  produced  by  forces  opposite  in  direction  and  not 
having  the  same  line  of  action. 

Figs.  254-261  may  be  combined,  and  a  [polygon  formed  that 
represents  the  equilibrium  of  the  entire  engine,  as  shown  in 
Fig.  262. 

Pa 


Fig.  262. 


All  the  equations  already  given  for  the  values  of  the  £aroe8 
may  be  derived  from  Fig.  262. 
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ition  (49)  may  be  written 
P        f  p  4.  T  J.  ^'"^^^  ^  ^  -Yssin^  1  -) 

Pa-Y^  +  .V.  +   -^^-^^-.--^--^   J  J  ft 

pressioD 


F,^X,  + 


y,  coa  S  +  .^  ain  9 

sec  /3  Biii(#  +  fi)  ' 


we  will  call  P^,  therefore  i-epresenta  a  presaare  whioh, 
ig  subtracted  from  P^,  will  give  a  force  that  may  be 
d  as  if  no  motion  were  present  in  order  to  obtain  T,  or 

^=iPa~  P,)  sec  0  ain  {0  +  p). 

be  laid  oflf  on  the  indicator  diagram,  and  its  value  thus 
:ted  directly  from  the  steam  pressure. 


FRICTION   AND   GRAVITY    INCLUDED. 

8  been  demonstrated,  in  a  paper  prepared  by  Professor 
tnd  the  writer,*  that  the  effect  of  the  friction  at  the  con- 

-rod  beftringa  may  be  determined  by  introducing  into  the 
rimn  polygons  two  iorcos,  J  and  B,  at  right  angles  to  the 
ine  of  the  rod,  the  sum  of  A  and  B  being  applied  at  each 
pins  in  opposite  directions.     The  values  of  A  and  B  are 


A  =  -^■'- 


P,rfr,r  sin  'p 


nli 


-^^and5 


_  P^Tc  sin  tpc 
nB      ■* 


h  *v  and  Jc  are  equal,  respectively,  to  the  radii  of  the 
id  crank,  and  sin  '/'„  an<l  sin  ip^  to  the  sines  of  the  angles 
on.  The  effect  of  the  weight  was  also  included,  and 
■jum  polygons  given  showing  the  relation  of  the  forces 
vrist-  and  crauk-pins,  together  with  equations  deduced 
e  same. 

*Auimhof  Miithtmi'tiff,  December,  ISSft 
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EFFECT  OF  FRICTION  AT  CONNECTING-KOD  BEAR- 
INGS  ON  THE  FORCES  TRANSMITTED.* 

BY  vnnrti.   J.   BrRKITT  WKBH  t  AND   I).   H.  JACOBUS,   HOBOKEN,  N.   J. 

Fig.  2G3  represents  the  equilibrium  of  the  forces  acting  on  a 
coniiocting  rod,  with  a  centre-line  WC,  an^Nmst-  and  crank-puig 
indicated  by  circles  about  W  and  C  whose  radii  are  respectively 
r^f,  and  >v- 

Figs.  204  and  265   represent  the  equilibrium  of  the  forces 
acting  at  the  Wrist-  and  crank-pins. 

The  forces  shown  in  these  figures  are  as  follows : 

Pa—  l'\  =  pressure  of  steam  less  the  accelerating  force  for 
piston,  piston-rod,  and  cross-head; 

G'  --  the  pressure  of  the  cross-head  guides  against  the  cross- 
head  for  frictionless  pins,  acting  at  the  centre  of  the  w^rist-pin  at 
the  angle  90  +  <p\  This  angle  is  the  same  for  frictionless  or 
rougb  pins; J 

G'f  =  the  pressure  when  there  is  friction. 

P^,  and  Pff,  =  pressures  of  the  pins  C  and  W  against  the  rod 
for  frictionless  pins ; 

P^f  and  Pfr/  =  the  same  when  there  is  friction  ; 
J^  ICG  =  PIl  =  the  single  force  which,  if  applied   in  the  line 
NGf  will  support  the  weight  and  correctly  accelerate  the  rod ; 

/  and  •/  —  pressures  of  tlie  ends  of  the  rod  at  the  pin-centra 
W  and  C  duo  to  its  acceleration  and  weight  and  for  frictionlesi 
pins ; 

/'  and  J  =  the  same  pressures  for  rough  pins  acting  at  thi 
points  F  and  E  of  the  pins,  F  being  the  foot  of  a  perpendicula 
from   ir  on  P„y  and  F  the  foot  of  a  perpendicular  from  C  on  F^ 

The  moments  of  /  and  1'  about  N  must  evidently  be  equa 
and  opposite  to  those  of  J  and  J'  about  the  same  point ;  froi 
which  it  follows  that 

and  T  :  J=  FN'  :  N"F. 


*  Kfurintt^l  from  the  Annals  of  Mathematim,  December,  1888. 

f  Prnfc>>()r  .Tuc.obus  insists  upon  idv  name   appearing  first  in  tliis  article. 
fully  iippnM-i.itc  tlie  courtesy,  but  it  is  IiumHv  fair  to  himfielf,  u  he  lias  dooe  mo 
of  tiio  \v..rk.  J.  B.  W. 

\  tp  —  ftiii^le  of  friction  at  cross-lieud  guides. 


SOLUTION   OF  THE  TRANSMISSION   OF  FORCE. 


In  additioD  to  the  above,  the  following  lines  will  be  needed 
for  the  pnrpoae  of  demonstration  : 

Ik  and  jy  friction  circles  about  C  and  IF,  the  radii  of  which 
are  respectivolj  equal  to  <■„  ain  ip  and  r^  sia^<p ; 

FS  and  FO  connecting  i"'  with  E  and  G; 

MD  from  .V,  parallel  and  equal  to  PK  or  QH : 

DO  connecting  D  with  ('. 

Fig,  266  is  composed  of  various  equilibrium  polygons  repre- 
senting the  pqiiilibrium  of  the  forces  acting  on  various  parts, 
each  polygon  being  drawn  with  and  without  friction ;  these 
forces  are,  of  course,  equal  and  parallel  to  those  in  Fig.  263,  nm 
being  the  force  due  to  the  weight  and  acceleration,  and  therefora 
the  same  as  K(f  and  PH.  Fig.  267  is  an  enlargement,  for  the 
sake  of  clearness,  nf  a  portion  of  Fig,  266, 

emo  is  the  equilibrium  triangle  of  the  forces  acting  on  the 
■wrist-pin  when  there  is  no  friction  on  wrist-  or  crank-pin, 

mno  is  the  equilibrium  triangle  of  the  forces  acting  on  the 
rod,  as  a  wbn]p,  for  frictionless  pins,  and  ntnh  the  same  wh 
there  is  friction.  The  introduction  of  the  force  oq  transmitted 
by  the  rod  from  wrist-  to  crank-pin  divides  mn  into  mq  and  qn, 
forces  applied  at  the  wnst-  and  crank-pins,  thereby  cutting  n 
into  two  polygons,  ni'io  representing  the  equilibrium  of  the 
forces  actiny  oji  the  crank-pin  and  ijqn  representing  forces  on 
the  wrist-pin.  In  the  same  way,  kp  divides  the  polygon  miih 
into  mpb  and  hpn. 

mjo  and  Jijo,  and  mhiq  and  qih»,  are  also  polygons  for  wriat- 
and  crank-pins.* 

In  adilitiou  to  the  above,  the  following  linesVill  be  needed 
for  the  purpose  of  demonstration  : 

}ii<i  perpendicular  to  P,r,-' 

f'/ parallel  to  CFin  Fig.  263. 

hf  perpendicular  to  P,.f  ; 

«('  perpendicular  to  7',^; 


*  mq  ami  qii  iiry  tile  simpUat  ."ei  of  forcps  iliai  will  support  the  »eiglit  and 
]in)iluce  the  required  aceeli-nition,  ina^mucli  a»  tiley  cause  no  iinDeeesaarf  leneloa 
in  the  riMl.  Ally  |mir  of  forci-a  having  mn  tot  a  resultant  will  gire  the  support 
ami  acivlf rntiiin  ;  e'lnsetineiiily  we  Limy  make  various  ciiiveiiient  nuppositions in 
r^guni  to  lliesr-  {■•ra-f.  a*.  fur  inrtnnce,  we  may  Buppnae  tliat  the  crank-pin  foroa 
remahis  normal  tn  ilip  craiik.circle,  whlth  gives  us  mj  andjn.  Tht  intersection 
at  any  sucli  pair  of  forces  will  fall  nil  the  line  L'S.  anij  any  pair  may  be  changed 
10  Huotlipr  by  iiilriHlui'lti:^  two  pi|Dii1  and  opposite  forces  at  the  eada  of  ih«  roO  ; 
tlius,  qj  coniLimc  \  with  j/17  prmliirc's  mj.  aniijj  Combined  with  gn  prodiiiesjR, 
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f'h  parallel  to.  EF  (Fig.  263)  through  e,  the  intersection  of  m 
anil  aj\  and  passing  therefore  through  A,  as  will  be  shown ; 

mxz  perpendicular  to  Pff  through  m  ; 

Z(\  parallel  to  mn  through  2,  the  intersection  of  mx  with  tf; 

nwv  perpendicular  to  Pu^r  through  n  / 

r/'   parallel  to  nm  through  v,  the  intersection  of  nw  with  rf; 

lid  per])endicular  to  Pyj  : 

hi  perpendicular  from  h  on  L'S\  which  is  parallel  to  the  cen- 
tre-line Z^S^Fig.  263). 

Ifc  perpendicular  on  L  S'  from  b,  the  intersection  of  M  with  a/; 
^    h(j  perpendicular  from  h  on  ef ; 

hit  perpendicular  from  h  on  hi ; 

hhjh  a  semicircle  containing  the  right  angles  bkh  and  hgh; 

kg  a  line  completing  the  triangle  ghk^  which  is  similar  to  ddi, 
similar  to   WCF^Fig.  263),  as  will  be  proved  ; 

nq'  through  n  parallel  to  the  crank  radius  ; 

mj  connecting  m  witlij*,  the  intersection  of  nq  with  (w  ; 

or  perpendicular  from  o  on  nq  ; 

hq  perpendicular  from  h  on  nq  ; 

Fig.  266  contains  the  following  forces  : 

am  =  Pa-  t\  ; 

om  and  /////  =  P,^  and  P^r/f 

on  and  hu  =  P^  and  P,// 

08  and  hs  =  6'  and  (r  '^,  the  guide  reactions ; 

7)ni  =  the  resultant  of  the  weight  of  the  rod  at  its  centre  of 
gravity  and  the  forces  due  to  the  acceleration  of  the  different 
parts  of  the  rod.  71m  is  therefore  that  single  force  which,  if  ap- 
plied at  the  proper  point,  would  support  and  correctly  accelerate 
the  rod ;  nm  is  also  the  resultant  of  such  parts  of  the  wrist-  and 
crank-pin  pressures  as  give  the  support  and  acceleration ; 

mp  and  mq  and  pn  and  qii  =  the  parts  of  the  wrist-  and  crank- 
pin  pressures  which  actually  give  the  support  and  acceleration ; 

hp  and  oq  =  the  force  transmitted  from  wrist-  to  crank-pin  by 
the  rod,  with  and  without  friction,  hj)  obliquely  from  F  to  E^oq 
axiallv ; 

oh  —  change  in  guide  reaction  due  to  pin  friction ; 

1         111         I        in       ^»rWV  sin  (D       1  Prf^c  sill  <P       1 
he  and  hh  =  A  and  B  =      ^  %v-    ■  and  —~~^-^  and 

nli  nB 

hi  =  fn'  +  hk  =A  +  B,  two  forces  which  will  be  explained  in 
tlie  proper  j)hico  ; 
Jo  ='tli}it  ))ortion  of  the  force  transmitted  from  the  wrist-  to 
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the  crank-pin  that  performa  work  upon  the  fly-wheel,  for  friotion- 
less  pins ; 

gi  =  the  force  transmittetl  axially  if  P,y  aiid  Py  be  supposed 
to  act  at  the  centres  of  the  pina,  and  moments  be  introduced  to 
counterbalance  the  effect  nf  altering  their  points  of  application ; 

or  =  force  acting  ou  crank-pin  in  tangential  directiou  for 
frietionless  pina ; 

hq  =■  the  same  when  there  is  friction. 

We  will  suppoae  the  force  Pa  —  F,  applied  at  the  wrist-pin 
irto  be  known,  and  proceed  to  determine  the  force  that  reaches 
the  crank-pin  C. 

For  frietionless  pins  we  proceed  as  follows : 

Construct  the  polygon  smqo  by  mating  sm  and  mq  equal  and  1 
parallel,  respectively,  to  7*„  —  F,  and  /,  and  drawing  from  q  and  »  1 
lines  parallel  to  Clfand  G ,  marking  their  intersectiou  o;  then 
will  OS  be  the  guide  reaction  and  oq  the  "force  transmitted  from 
W  to  C  /  om  wiU  be  P^  the  reaultaut  of  the  forces  G  and  P,  — 
P,.      Next  lay  oflf  qn  equal  and  parallel  to  J  and  complete  the 
triangle  mno ;  then  will  no  =  P^,  the  pressure  of  the  crank-pin 
upon  the  conuecting-rod.     This  pressure  /*„  ia  pressure  available  | 
for  doing  work  upon  the  crank  and  fly-wheeL 

If  there  is  friction  the  construction  of  the  diagrams  is -more 
complicated,  fur  the  introduction  of  friction  not  only  changes 
the  direction  and  magnitude  of  the  forces,  but  also  alters  their 
points  of  application. 

There  are  three  conditions  that  govern  the  construction  of  a 
diagram  including  the  effect  of  friction ;  these  are  ; 

(a)  The  resultant  of  P^/  and  P^j-  must  equal  in  magnitude  and 
direction,  and  have  the  same  line  of  action,  NG,  as  the  resultant 
of  P.  and  P„  ; 

(b)  The  projections  of  P^  and  P„  on  a  line  perpendicular  to 
the  guide  reaction  must  be  equal  to  each  other  and  to  that  of 
J'.  -  P,  / 

[r)  The  presence  of  friction  changes  the  forces  P^  and  Pa  into 
Py-and  P^y,  whicli  no  longer  pass  through  the  centres  of  the 
pins,  but  are  tangent  to  circles  Ee  and  F/',  whose  radii  are  con- 
stant and  respectively  equal  to  *■,,   sin  <p  and  ?■„  sin  ^. 

Tlie  last  of  these  conditions  is  generally  given  by  authorities, 
such  as  Rankine  and  Weisbach,  and  requires  therefore  no  dem- 
onstration.* 

•  See  iiui.kiiie's  if<ifh,.,fry  nn:l  Milt  Work,  \<.  438. 
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That  the  resultant  of  P^.f  and  Py^  should  be  the  same  as  thAt 
of  P^.  and  I\ry  arises  from  the  fact  that  either  is  the  single  force 
PII  or  KG  which  would  support  the  weight  and  produce  tLe 
required  acceh^ration  of  the  rod,  if  applied  at  the  propar  point, 
and  must  therefore  be  independent  of  the  friction  of  the  pin& 

The  second  of  these  conditions  is  evident  from  Fig.  266,  where 
uuis  is  the  triangle  of  forces  acting  on  a  frictionless  wrist-pin, 
and  mhs  the  triangle  with  friction  considered :  obviously  P^  and 
P^^f  have  the  same  component  perpendicular  to  o*  as  Po  —  F^  has. 

If  we  attem  >t  to  apply  these  principles  directly  to  Fig.  264, 
they  lead,  respectively,  to  the  following  geometrical  conditions: 

(a)  7/Pmust  bo  equal  in  length  and  direction  to  6^f,  and  must 
lie  in  the  same  line  6rJV^; 

(/>)  DO  is  parallel  to  G' ; 

{r)  PF  is  perpendicular  to  JFJV=  r,^  sin  qf,  and  PE  is  per- 
pendicular to  EC  =  ?'c  sin  qf. 

The  construction  of  the  diagram  under  these  conditions  can 
only  be  accomplished  by  approximate  methods  more  difficult  of 
application  than  those  which  we  will  explain  in  the  construction 
of  Fig.  266. 

The  geometrical  conditions  for  the  construction  of  Fig.  266 
are  as  follows  : 

((x)'  f/irt  is  common  to  both  the  polygons  ynnos  and  mnha  ; 

ib)  olis  is  a  right  line  ; 

(c)  In  applying  the  third  principle  we  meet  with  the  only 
difficulty  in  the  construction  of  Fig.  266 ;  a  fundamental  princi- 
ple in  mechanics,  however,  furnishes  us  with  a  simple  means  of 
solving  the  problem  with  all  the  accuracy  desirable. 

Inasmuch  as  the  effect  of  friction  is  to  displace  the  forces 
which  the  pins  exert  upon  the  rod,  so  that  they  become  tangent 
to  the  friction  circles  previously  mentioned,  these  forces  will 
exert  moments  iipon  the  rod  tending  to  rotate  it,  and  therefore 
affecting  the  other  forces  of  the  system,  so  that  the  forces  P^  and 
/V  become  /^,^  and  P,^^,  besides  becoming  displaced  from  Cto 
E  and  W  to  F.  By  a  ])rinciple  in  mechanics  a  force  applied  at 
any  point,  as  F,  is  equivalent  to  an  equal  force,  in  magnitude 
and  direction,  at  any  other  point,  as  W^  plus  a  moment  equal  to 
tho  force  multiplied  by  tl^e  perpendicular  distance  through 
which  it  has  been  displaced.  We  may,  therefore,  suppose  the 
forcvs  P,f  and  P„.f  to  be  apjdiod  at  the  centres  of  the  pins  it 
at  the  sjuno  tinio,  we  introduce  the  moments 


SOLOnOU   OF  THE  TBANSMtSPTOS  OF  FOHCE.  1139 

P^r,^  sin  <p  and  Py-r„  sin  tp. 

Tor  convenience  we  will  suppose  each  moment  to  be  produced 
ly  a  pair  of  equal  and  opposite  forces  acting  perpendicular  to 
the  rod  at  W  and  C  Calliiig  these  forces  A  and  D,  and  letting 
the  distance  WC  =  iili  =  n  k  crank  radius,  we  shall  have 

AnB  =  Pa/r„  sin  ^, 

and  BnR  =  P^r^  sin  ?>, 

so  that  the  moment  to  be  introduced  will  be 

AnR  +  B7iR  =  tA  +  B)nB. 

According  to  this,  instead  of  snpposing  P,gf  and  P^  to  act  on 
the  rod  at^and  £",  no  error  will  be  involved  if  we  suppose 
them  to  act  at  irand  C  and  introduce  two  additional  forces, 
A  +  B  acting  at  W  perpendicular  to  WC,  and  —{A  +  B)  acting 
at  C.  A  and  B  appear  also  in  the  equilibriam  polygons,  Figs. 
268  and  269.* 

The  important  advantage  of  this  change  is  that  it  allows  the 
use  of  the  known  accelerating  forces  /  and  J  in  place  of  the 
unknowns  /'  and*/'. 

The  construction  of  Fig.  266  by  the  aid  ot  A  ^  B\a  aa  fol- 
lows : 

Having  laid  off  P„  —  /■',  and  mq  as  before,  and  drawn  through 
q  and  s  lines  qo  and  so,  respectively  parallel  to  the  rod  and  the 
guide  reaction,  cut  m  by  a  line  parallel  to  qo  and  at  a  distance 
from  it  =  ,■!  +  B.  Thia  will  give  the  point  A,  from  which  the 
perpendicular  hi  =^-1  +  /?maybe  let  fall  upon  qo.  The  polygon 
nmqih  will  now  represent  the  equilibrium  of  the  forces  acting 
on  the  wrist-pin,  and  h«  will  be  the  new  value  of  the  guide  reac- 
tion.    Connecting  h  with  m  and  n  we  obtain  P^^f  and  P^f. 

The  value  of  A  +  B  can  be  obtained  with  an  exactness  amply 
sufficient  by  using  the  values  of  P„  and  P^  in  place  of  those  of 
P,^  and  P,.f,  as  will  bp  shown  in  the  case  of  a  horizontal  high- 
speed engine,  to  which  formulBe  derived  by  this  method  have 
been  applied.  Thin  form  of  the  result  has  the  advantage  that 
it  enables  the  same  to  be  easily  applied. 

As  the  above  reasoning  may  seem  to  involve  a  departure  from 

•  VVIien  tlii^  anffle  /j  ia  in.Tfasiiig  -4  ia  f .  fl  ia  +  or  —  according  to  wbetbec 
&  is  aiippo.'ed  to  mrrHisr.'  nr  liimiiiiah. 


[a]  1  o  prove  mat  co  =  a  ; 

(6)  To  prove  that  kh  =  B  ; 

(c)  To  prove  that  ih  =  kJi  +  cb  ; 

(a)  From  the  similar  triangles  CFW  and  abd  we 

WF     db 


(7IK  =  ad; 

Pwf 


but  ad  = 


cos  /*' 


because  am  and  dh  are  perpendicular  to  mhy  and  a 
mh  the  angle  /<,  also 

and  TF/'  =  r«,  sin  <^  ; 

substituting  these  values,  we  have 

^  ^  Pu,/ru,  sin  <p  . 
nJ?  cos  /i      ' , 

but  cb  =  db  cos  /i ; 

(d)  To  prove  that  kh  =  B. 
To  prove  this  we  must  first  show  the  following : 
I  I.  That  a  line  through  e  parallel  to  JSiP'dividei 
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I  :  J=  CN  :  NW, 
and  I' :  J  =  EN"  ■:  N"F. 
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By  conetmction,  therefore,  win  =  /'  +  J',  and  we  have  only  to 
prove  that 

mp  :  pn  =  /'  :  J'. 
First,  to  prove  that 

mr  :  nr  ^  CN  :  NF' : 
q  being  the  point  of  division  for  frictiouless  pina,  we  know  that 

tnq  ■  qn=  CN  :  N  H', 
and  also,  from  the  similar  trianglea  umo  and  icm/,  we  have 

wig    ;  qji  =  aq   :   qw ; 
conBequently  aq  :  qw  =  CN  :  N  H' 

This,  in  addition  to  the  similarity  of  the  triangles  Ci^TFwith 
avw,  OFF'  with  avf,  and  CNN  with  arq,  gives  us  two  similar 
figures  contained  in  Figs.  263  and  266 ;  viz., 

CNFF'  WNC 
similar  to  arvfwja. 

from  which  it  follows  that 

CN  :  NF  =  ,„i  :  ,//. 
Bat  aq  :  qf  =  ar  :  rv, 

because  arq  and  avf  are  similar,  and  by  the  similar  triangles 


mra  and  n 

rv  we  have 

ar 

:  ro  ^mr 

:  Ttr; 

.:  CN  : 

NF-  =  mr 

:  nr. 

which  wae 

I  to  be  proved. 

Second, 

to  prove  that 

mp  :  pn 

=  EN"  : 

N-F; 

From  the  similar  triangles 

ner  and  nar  we  have 

-»  =  s,-:r, 

but 

»ir  :  1 

■«  =  CN  : 

NF' 

=  CN' 

:  N'F; 

.:  zr  : 

re  =  CN  : 

NF. 
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This,  in  addition  to  the  similarity  of  the  triangles  FE'C^\\!Si 
ec,z,  FE(-  with  exz^^  and  GEE'  with  za?.?,  gives  us  two  similar 
figures  contained  in  Figs.  263  and  266  ;  viz., 

FN  CE'EN'F 

similar  to  erzcixpe, 

from  which  it  follows  that 

xj)  :  pe  =  EN"  :  N"F; 
Prom  the  similar  triangles  mxp  and  nep  we  have 

mp  :  pn  =  xp  :  pe; 

Wrap  :  pn  =  EN"  :  JV'F; 
but  EX''  :  N'F  =  I'       J'; 

.-.  mp  :  pyi  =  I'  :  J\ 

which  was  to  be  proved. 

II.  To  show  that  ep  passes  through  7^ 

At  F  the  force  P^  of  the  pin  against  the  rod  is  divided  into 
1 '  and  the  force  transmitted  from  F  to  Ey  or,  in  other  words 
P^pf  is  the  resultant  of  the  latter  forces,  and  when  reversed  will 
form  with  them  a  triangle  of  forces.  This  triangle  mhp  appears 
in  Fig.  206,  in  which  ^jw/  =  /'  and  mh  =  —  P^^  and  the  third 
side,  having  been  drawn  through  p  and  parallel  to  FE^  must 
pass  through  //,  so  as  to  make  hp  the  force  transmitted  from  F 
to  E, 

III.  To  show  that  hjl'  is  similar  to  CWF. 

The  angle  hjh  is  equal  to  //r/6  +  hg\  —  90°  -h  //,  because  hgb  is 
inscribed  in  the  semicircle  Jr///,  and  IkjIc  =  bhk  =■  /' ;  also,  khg  is 
equal  to  fao  =  //*,  because  r/h  and  kh  are  perpendicular  to  fa  and 
01 :  therefore  the  triangle  hhj  has  two  of  its  angles  the  same  as 
the  angles  of  0  WF,  in  which  FC  \V=  ^^  and  6' 117^=  90°  +  //, 
it  being  the  exterior  angle  of  the  right-angle  triangle  WFS. 

We  are  now  pre]:)ared  to  prove  th.at  kh  =  B.  From  the  simi- 
lar trianjjjhis  /'AY'  and  ehf  we  have 

Jif  ^  CE 
but  (  E  —  />  sin  y-, 
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CFmsu 

'jl' 

=  hfcos.r- 

.-.gh 

P^„  Hin  tp 
-        CF      ■ 

FrojQ  the  similar  triangles  lujh  &nd  CWFyfe  have 

gh  _  CW  _  »fl 
M        £■/■       CF ' 


,  Of 


Sabttituting  the  value  of  t/li  awl  reducing,  we  hsive 

H = ?^-  r  "■  =  ft 


as  was  to  be  proved. 

('■)  To  prove  that  ih  ~  kh  +  ch. 

This  follows  because  bk  is  perpendicular  to  ki,  and  therefore 
lie  =  ki ;  consequently,  as 

ch  -  A  and  kh  =  B, 

ih  =  A  +  B, 

as  was  to  be  proved- 
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Let  R  —  radius  of  crank  circle ; 

iiR  =  length  of  coiiiiecting-rod; 

IJi  —  distance  from  tlie  wrist-pin  to  the  foot  of  the  perpendic- 
uliir  let  fall  from  tha  centre  of  gravity  of  the  rod  upon  its  cen- 
tre-line ; 
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(It  =  distance  of  the  centre  of  grayity  from  the  oentre-line of 
the  rod ; 

^  and  fi  =  angles  of  crank  and  connecting-rod  with  the  path 
of  tlie  wrist-pin ; 

6  =  angle  made  by  tipping  the  engine  up  about  the  crank- 
shaft ; 

tan  (p  =  coeflScient  of  friction  at  wrist-  and  crank-pins ; 

tan  (p'  =  coefficient  of  friction  at  cross-head  guides ; 

r  =  angular  velocity  of  crank  ; 

Wi  and  J/  =  weight  and  mass  of  the  piston,  piston-rod,  and 
cross-head ; 

Wn  and  m  =  weight  and  mass  of  the  connecting-rod  ; 

C  =  component  of  the  weight  of  the  piston,  piston-rod,  and 
cross-head  that  acts  in  the  c.irection  of  the  centre-line  of  the 
cylinder. 

I)  and  IJ  =  portions  of  the  weight  of  the  connecting-iod  bora 
respectively  by  the  wrist-  and  crank-pins ; 

Jf  ==  friction  of  the  piston  and  piston-rod ; 

Xi  and  A  J  =  components,  in  the  direction  of  the  line  of  traye 
of  the  wrist-pin,  of  the  accelerating  forces  at  the  wrist-  and  crank 
pins ; 

Yi  and  Y^  =  components  of  the  accelerating  forces  at  the  wrial 
and  crank-pins  at  right  angles  to  Xi  and  Xj ; 

P„  =  force  produced  by  the  pressure  of  the  steam  on  the  pii 
ton; 

J^\  =  force  required  to  produce  the  acceleration  of  the  mass  \ 
the  piston,  piston-rod,  and  cross-head ; 

G  and  6y  =  normal  component  of  the  reaction  of  the  crosi 
head  guides  for  frictionless  and  rough  pins ; 

iV/  and  Tf  =  components  of  P^  parallel  and  perpendicular  1 
the  crank ; 

7}'  =  the  latter  reduced  to  the  centre  of  the  crank-pin. 

We  now  have  C  =  111  sin  6. 

The  parts  of  the  weight  of  the  connecting-rod  supported  i 
wrist-  and  crank-pins  are 

J)  =  ?'-■"  '  "^  tan  (/g  -  6)  ^^ 

n  '* 

,1                        T.      '  —  ^'  tail  (^  —  ^)  ,1- 
and  L  =        H«» 

n 


^^^^^B 
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Combining  these  forces  with  Pa>  tbe   accelerating  forces,  and             H 
those  dae  to  friction,  we  obtain  the  equilibrium  polygons,  repre-             H 
»ented  m  Figs.  266  and  269,  for  the  forces  acting  on  the  wrist-            H 
and  crank-pins.                                                                                           ^M 

P[Q.                                                                             ^H 

.c  ^ 

m 

r,    '  h 

r 

f                                    ^ 

^^^^ 

i'  1 

/ 

X,     1 

/it 

J-^  -^S^ 

/' 

SA-^^s 

■ 

>'l  ^^           ■ 

r. 

I 

,  .^-<A 

1 

^'^^ 

1 

1    ■ 

Fig,  200. 

Prom  these  polygons  we  obtain  the  following  values  of  the 
several  forces : 


1  +  tan  <fj'  tan  /i 


[-(A  +  B>ain/I-X,         jtan>3\ 
.+  7,  +  Z>co8(S-(^  +  £)eo8/?       / 
Pv=  VHP.  +  C-F,-H-G,tim  <pj  +  Oy], 

^'  =  U  fl  sin  *  -  (-'1  +  -B)  sin  /i  -  xj  "™  ''  ■'"  <"  +  ^^ 


-  J's  cos  fJ  -  A%  sin  0  -{A+  i?)  cos  (**  +  >ff)  -  ^oos  (S  +  <5), 

•^'  -  U  -0  "in  *  -  I  /!  +  ,S)  sii  tS-X,)  "^  ^  "<»  C»  +  « 
+    }\  sin  tf  -  A';  cos  (^  +  (,4  +  i?)  sin  (C  +  /3)  +  ^fi'sin  {5  +  rf), 

T\=  T,-  Bii. 


1146 


SOLUTION  OP  THE  TBAN8MIS8ION  OF  FOBCE. 


APPLICATION  OF  THE  FOREGOING  FOBMULE. 

We  will  apply  tliese  formulse  to  the  case  of  a  horizontal  high- 
speed ecgiue,  assuming  an  excessive  coefficient  of  friction  at  the 
wrist-  and  crank-pins,  and  show  that  the  values  of  A  and  Saie 
determined  by  one  approximation  to  as  great  a  degree  of  accu- 
racy as  is  desirable. 

The  dimensions  of  the  engine  are :  ^ 

Length  of  stroke,  12  '; 

Diameter  of  cylinder,  10 "; 

Length  of  connecting-rod,  36 '; 

Distance  from  the  wrist-pin  to  the  centre  of  gravity  of  the 
rod,    20  .15 ; 

Principal  radius  of  gyration,  15".00 ; 

Diameter  of  crank-pin,  3  ; 

Diameter  of  wrist-pin,  2^''; 

Weight  of  piston,  piston-rod,  and  cross-head,  90  Iba.; 

Weight  of  connecting-rod,  70  lbs.; 

Sin  cff,  .24. 

Neglecting  friction,  the  forces  contained  in  Table  L  are  ob- 
tained. 


Table   I. 


FOnCKS  IN  POUNDS  PER  8QUARK  INCH  OP  PISTON  AREA. 


K 

Pa, 

1 

1 

1 

0 

r.  ' 

1 

T 

1 

m 
• 

Pc 

~          1 

1 
+  20.50 

0       1 

1 

+  0.a=5'+7.82     0 

0 

+47.&  + 62.5  +47.8 

30,  +  81 

+  10.0) 

-.5) 

-3.33 

^5.63  +6  71+4.48  H  88.1 

+  41.0 +-64.4 

+  R2.6 

5()i  +  7<J 

+  10.81 

-.7<J 

-o.lo 

+  3.72  +4.8.)  4-7.17  +51.71+26.4: +($5. 61+68.1 

70  +  rA 

4-   3.74 

-.93 

-6.20 

+  1.41  +2.49.+6.S4:+4S.4  +  2.7+50.71+48.4 

90'  +  3;i 

-  2  \}: 

-.99 

-6.6.1 

-   .85-   .17i+5.20,+37.0 

-12. «»  -+86.41+80.3 

no  4  21' 

-  8  2S 

-.93 

-6.20 

-2.70  -2.74+4.00  +27  9-22.1  +28.0I+S5.5 

i:jo  +  1 

-11.79 

-70 

-5.10 

_-4.00 -4.05  +1.41  +12.0-19.5  +  IV.O  +22.9 

ir)0-2r) 

-13.74 

-.50 

-3.33 

-t.78-6.54:-1.04-  2.4-  1.4-11.3-  2.7 

180  -81) 

-14.04 

0 

0 

-5.17 -7. 4S     U           0 

+  62.7-63.4-53.7 

1 

As  a  first  approximation  :  /.c,  letting 

,    _  P.rr,r  sin  (f)  PpVc  sin  q> 

-I.-         ^^j^         and  7?.=  —^—. 


WO  obtiiin  the  values  of  A  and  B  given  in  Table  EL 
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ITAULE   1!. 

m 

FOBOKB   rS   rOUNDH   PKu'Btir»BK    IS 

-~     I 

» 

^1 

a. 

Ji*«i 

9 

^i 

B, 

....    ■ 

0 

+  .821 

+  .478 

+   .mi 

no 

-.288 

+  .858 

+                ^1 

80 

+  Ml 

+  .B2tt 

+  1.063 

ISO 

-.108 

+  .339 

+                 ^1 

DO 

+  .517 

+  ..181 

+  1.12^ 

160 

-  .094 

+  .037 

-.087       ■ 

70 

+  .432 

+  .484 

+     .806 

160 

-.545 

+  .5i7 

^H 

90 

0 

+  .303 

+     .892 

■ 

Making  naa  of  tbe  values  of  A  aiid  B 

given  in  Table  11.,  we  ob>  ^| 

tain  the  forces  when  friction  is  included  as  given  in  Table  IIL       ^H 

TAMLE   III.* 

m 

FOHCKB   IS    POCKD8   PER   BqUiRE    ISC 

1 

i 

«r 

O-ff/ 

1/ 

N-yj 

Tj- 

T-Tj- 

pf 

ft-ftf 

i"* 

A-JW  ^M 

0 

-1.0 

+  1.00 

+  47.8 

0 

-    8.9 

+  8.68 

+  47-8 

-  .01 

-tea.s 

..n    1 

80  +  3.4 

+  1.06 

+  41.5 

-M 

+  2IK0 

+  4,(18 

+  S3.6 

+  .18 

+  84.4 

+  .OS    M 

SO  +  B.0'+  l.ld 

I-  37. B 

-.B7 

+  47.11 

+  4.22 

+  37.8 

+  .18 

+  6.1.5 

4-  .11      •■ 

Tl)  +5.B;+    .93 

+    3.6 

~.m 

+  45.2 

+  3.21 

+  48.3 

+  .34 

+  8u.a 

f  .11    ■ 

eo  +4,81+    .40 

-  12.6 

--40 

+  84,0 

+  3  88 

+  89,! 

+  .18 

+  86.4 

+  .U3     ^H 

110  +  a.8l+  .13 

-28.0 

-.11 

+  W.S 

+  3.06 

+  86.8 

+  .07 

+  iS.t) 

+  .m )  V 

130  +  1.3  +    .n 

-19.4 

--(H) 

+  10. T 

+  1.2t 

+  22.0 

+  .04 

+  12.0 

.  .01  ■    ^ 

].',()  -    .1)  -   .m 

-    1,4 

+  -0;) 

-    2.5 

+     -SI 

-    3.7 

.00 

-  11.3 

.00 

\m         .11  +     .1121+  52.71          0 

-   :i,U 

+  3.18 

-r,2,7 

.OU 

-tl5.4'        .HO 

Let  the  values  of   J  and  /fas  determined  hy  a  second  approzi- 
matiou  be  Aj  and  /^  ;  then  will 

_fP^  -  fi,))V  Bin  <p. 
""     "     n/i! 


-B.. 


and 

Table  IV.  contains  values  of  A,  —  .i-lj  and  Bj  —B^. 

"  Tlie  wmluiliitirin  of  tliis  table  Is  ficilitated  bj  eiiipIojiDjf  the  folluwing  equal 


G  -0/  =  (.1  +  B)  fee  /3, 
JV'-.V   -(M  +  .fl)tany3c( 
r-7/=(.-l  +  /J)ttm/J^i 


,('l  +  /:i)-M  +  B)  811.(0  +  /!), 
Id  +  yS)  +  (d  +  J?;  c^>B  (6  +  ^)  +  Ba. 


-  /'.,  = 


P/- 
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Table  IV. 

FORCES   IN 

A,-A^  B,-Ih 
.0001    :   .0001 

POUNl 

6 
70 

:)8  PER  SQUARE*  IKCU  < 

OF  PIf 

G 

«TOK  AREA. 

(i 

A,-A, 

B,-B, 

Ai^At 

B.^-Ik 

0 

.0009 

.0024 

180 

.0001 

.0004 

80 

.0)05       .0013 

90 

.0004 

.0018 

150 

.0000 

.0000 

50 

.0009 

.0018 

110 

.0004 

.0007 

180 

.0000 

.0000 

The  greatest  difference  between  the  values  of  A  and  J3,  as 
obtained  by  a  first  and  second  approximation,  is  for  0  =  70^, 
at  which  position  (Ji  +  Jii)  —  {A^  +  Bi)=  0033  lbs.  per  square 
inch  of  piston  area,  or  .0036  (A  +  B). 

The  effect  of  such  an  error  in  ^  +  5  upon  the  result  may  be 
found  as  follows : 

The  introduction  of  the  forces  (A  +  B)  =  .905  for  0  =  70°  alters 
the  value  of  Pc  by  tlie  amount  of  .24  lbs.  per  square  inch  of  piston 
area  ;  a  variation  oi  A  +  B  equal  to  .0036  {A  +  B)  will,  therefore, 
cause  this  difference  in  Pc  to  vary  about  .0036  times  itself,  or 
.0009  lbs.  per  square  inch  of  piston  area.  This  is  equivalent  tea 
variation  in  P^,/  of  .000019  P^f^  i.e.,  the  value  of  P^  as  obtained  by 
ojie  and  two  ajyproximations  differs  by  alx>ut  .00002  times  itself ^  The 
variation  in  l\f  for  ^  =  70",  obtained  by  a  similar  method  of 
reasoning,  is  about  .000007  times  itself.  It  is  evident,  therefore, 
that  the  value  of  A  +  B  as  determined  by  the  first  approxima- 
tion is  sufliciently  accurate. 


MEMBERS   DECEASED   DOBINO   THE  TEiB, 


MEMORIAL   NOTICES   OF  MEMBERS  DECEASED 
DURING    TEE  YEAR 

HOKATIO   ALLEN. 

["Note. — The  anique  relaUon  borne  lo  tlie  American  Booiety  of  HeohaiiifBl  '. 
gineers  and  tn  the  profeBsion  of  inech»[iicfil  engloeering-  <□  America  by  Mr.  Hi 
tlo  Alien,  made  eomo  more  oilendeil  noticw  aeeiu  SlCiiig  nnd  desirable,  tlian  ibe 
brief  luemoriils  usually  prepared  for  tliu  SaciEt.r's  volumo.  In  this  view,  the 
nueterly  and  appruclntive  sketch  prepared  by  Mr,  M.  N.  Forney,  member  of  the 
Soctftv,  For  (lie  Ruiliitug  and  EngiiuicTiiig  Journal,  is  by  his  tiod  content  here 
reprodured.  be  a  paper,  Ho.  413,  entire,  except  only  the  outE  and  some  details 
Isting-  to  ibe  cob  tm  vera;  a  a  to  tlie  invention  of  the  cur  truck  priuoiple,  for  wliicb 
thoM  interested  are  referred  tn  the  original  document.  Tbankis  are  hereby  re- 
tamed  to  Mr.  Forney  tor  LLs  courtesy. — Seeretar]/.} 

GCSTAV  ADOLPH   HIRN. 

M,  Hmy,  honorary  member  of  this  Society,  waa  horn  August 
21,  1815,  at  Logelbach,  near  Colmar,  in  Alsace.  His  fatlier 
was  connected  with  an  important  cotton  factory  and  allowed  his 
son,  when  quite  young,  to  work  in  the  laboratory  in  which  the 
colors  were  prepared  for  the  dyeiug  and  printing  department. 
His  health,  when  a  boy,  precluded  his  receiving  much  school 
education.  Wlien,  some  years  later,  this  laboratory  was  closed, 
M.  Him  took  charge  of  the  mechanical  department  of  the  mill, 
a  post  which  he  retained  until  1880. 

The  labors  of  M.  Hirn  in  scientific  life  were  manifold,  both  m 
physics  and  in  metaphysics.  Perhaps  those  for  which  he  is 
most  famous  among  engineers  were  his  experiments  on  the 
steam-eugine,  about  1850,  which  were  only  terminated  by  the 
break-down  of  the  liistoric  engine  in  1878. 

His  first  publications  were  an  "  Essay  on  the  Mathematical 
Theory  of  Fan-Blowers  "  (1845),  "A  Notice  on  the  Gauging  of 
Streams  "  (1840).  Later,  he  began  his  experiments  on  friction, 
and  completed  tiiem  in  1847,  but  they  were  not  published  until 
1854.  These  experiments  were  particularly  on  lubricated  or 
"  mediate  "   friction,  and  indicated  that  the    coefficient  rarles 
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approximately  as  the  square  root  of  the  pressure  and  as  the  ex- 
posed Hurfaoo,  and  the  first  power  of  the  speed ;  it  decreases 
within  limits,  with  the  increased  fluidity  of  the  lubricant    The 
extent  of  this  investigation  has  been  lost  to  sight  in  later  dajg 
from  the  fact  that  it  was  only  recorded  in  periodical  literatue 
of  the  time,  and  has  never  been  given  a  place  in  treatises  on  the 
subject,  until  now  much  more  extended  and  complete  investiga* 
tions  have  thrown  it  into  the  background.     Him  also  repeated 
the  Meyer  and  Joule    experiments,  working   independently  of 
those  physicists.     It  was  by  these  inyestigations  that  his  atten- 
tion was  especially  directed  to  the  subject  of  heat.     A  long  list 
of  scientific  publications  was  the  result  of  this  determination 
of  tlie  direction  of  his  scientific  thought,  many  of  which  publi- 
cations secured  prizes  to  their  author  from  various  scientific 
bodies.     In  1854  and  1855  Him  brought  out  his  papers  on  the 
'*  Interpretation  of  the  Phenomena  caused  in  a  Steam-Engine  bj 
the  Presence  of  the  Jacket''     He  pointed  out  the  fact^  essential 
to  Camot's  theory,  and  as  developed  by  Clapeyron,  as  to  the 
disappearance  of  heat  in  the  engine,  in  consequence  of  its  con- 
version into  the  dynamic  form  of  energy.    He  also  showed  that 
the  animal  system,  as  a  heat-engine,  is  a  machine  of  high  effi- 
ciency as  compared  with  those  constructed  by  man.      His  study 
of  the  steam-engine  was  conducted,  for  the  first  time,  in  so  8}'8- 
tematic  and  thorough  a  manner  as  to  show  precisely  how  energy 
is  tlierein  distributed  and  how  heat  is  disposed  of ;  and  thna, 
for  the  first  time  also,  revealed  the  method  and  extent  of  the 
wastes  of  the  modem  engine.     He  further  showed  bow  those 
wastes  may  be  ameliorated  by  the  use  of  either  the  steam-jackel 
or  of  superheated  steam  ;  showed  that  the  former  is  superfluona 
if  the  latter  is  used  ;  and  exhibited  the  true  action  of  the  jacket, 
then  entirely  misunderstood  by  the  majority  both  of  men  oi 
science  and  of  engineers. 

It  is  a  fact  not  without  interest  that  the  experimental  engine  al 
Lo^elbt'u-h  was  altered  so  as  to  have  four  valves,'as  long  ago  a£ 
18'»<),  bi^foro  the  Corliss  construction  had  been  introduced  intc 
Europe.  The  result  of  these  investigations  was  to  induce  M. 
Hirn  to  en)])Ioy  superheated  steam  first  on  a  considerable  scale 
ill  1>:50.  His  ri»sults  wore  confirmed  in  a  "  Report*'  in  1869,  by 
T)wolshanvors-T)<'ry,  Hallauer  and  Grosstete,  before  the  Societe 
Iinlustri<^ll(^  dr  Mulliouse. 

Ill  addition  to  the  2)roducts  of  M.  Hirn^s  industry  in  the  field 
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of  thermodynamics  and  ateam-enj^Beeruig,  he  also  gave  con- 
siderable attention  to  meteorology  aud  astronomy.  Hjb  mind 
was  of  an  inventive  tura  as  well  as  abstractly  scientific,  and  he 
devised  or  modified  a  number  of  pieces  of  apparatus  for  ex- 
perimental use  ;  among  them  was  a  form  of  typewriter,  as  early 
as  1855,  and  a  power-measuring  device,  which  he  called  a  Pan- 
dynamometer,  and  others.  His  brother  Ferdinand  was  the  pro- 
poser of  the  scheme  for  transmitting  power  to  a  distance  by 
rope. 

A  very  full  account  of  the  scientific  work  of  M.  Hirn  by  M. 
Dwelshauvers-Dery,  honorary  member  of  this  society,  may  be 
found  in  London  Engiiwer'mg,  March  12,  1890.  His  pnncipal 
papers  may  be  read  in  the  "  Bvilletin  de  la  Societe  Industrielle 
de  Miilhouse  "  and  in  his  published  works. 

M.  Hirn'a  mind  remained  active  almost  to  the  day  of  his 
death,  his  "  Constitution  de  I'Espace  Coleste  "  being  published 
as  recently  as  1888.  His  health  had  been  failing  for  some 
months  previous  to  his  decease,  which  took  place  January  14, 
1890,  at  the  age  of  seventy-four.  He  was  made  an  honorary 
member  of  this  Society  at  the  New  York  [Vlth]  Meeting,  No- 
vember, 1882. 

JOHN   COFFIN. 

"Was  born  S?ptember  18,  185fi,  at  Chatham,  N.  T.  His  ap- 
prenticeship was  served  with  Henry  Clark  of  that  plaoa,  on 
repair  work,  mostly  on  paper-mills.  Thence  he  was  called  to 
the  charge  of  a  saw-mill  in  the  Indian  Territory,  and  his  me- 
chanical expedients  were  severely  taxed  where  pipe-joints  had 
to  be  made  without  dies,  and  where  injector  nozzles  were  made 
from  cartridge-shells.  He  went  one  year  to  Cornell  University. 
He  worked  as  machinist  iu  Ithaca  aud  Syracuse,  in  the  latter 
place  becoming  foreman  for  the  Straight  Line  Enp^ine  Company, 
and  acting  as  tool-maker  for  the  Victor  Sawing  Machine  Company. 
In  1881  he  went  to  the  Cambria  Iron  Company  as  draughtsman, 
foreman,  and  engineer.  His  work  with  this  company  was  of  par- 
ticular interest  and  importance  in  the  line  of  mechanical  treat- 
ment of  steels,  He  worked  at  this  problem,  and  finally  devised  a 
method  of  treating  forged  axles  which  made  certain  the  production 
of  reliable  work.  He  discovered  in  his  investigations  two  singu- 
lar properties  of  steel :  the  welding  of  surfaces  at  a  temperature 
lower  than  carbon  changes  can  occur,  and  the  yielding  of  steel  by 
its  own  weight,  at  that  tfirnperatur.?.      His  latest  important  work 
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was  upon  the  annealing  and  galvanizing  of  wire,  for  which  he 
clesi«xno(l  special  machinery,  which  had  just  been  put  in  opera- 
tion last  May,  before  the  Johnstown  disaster.  Upon  the  death 
of  Alexander  Hamilton,  Jr.,  he  became  chief  draughtsman  and 
designer  at  the  Cambria  Iron  Works. 

His  death,  September  3,  1839,  from  typhoid  fever,  was  di- 
rectly traceable  to  the  effect'  of  the  calamity  on  his  city.  He 
joined  the  Society  at  the  XVth  or  Washington  Meeting  of  1887, 
and  had  presented  two  papers  to  the  Society,  one  handed  in  by 
Professor  Sweet,  descriptive  of  his  averaging  instrument,  and 
the  other  giving  the  results  of  some  of  his  investigations  on 
steel. 

HOWELL   GREEN. 

Mr.  Green  was  bom  in  Phillipsburg,  N.  J.,  November  17, 
1830.  At  the  age  of  seventeen  he  was  apprenticed  to  the  firm 
of  W\  cfe  A.  Dehaven,  of  Minersville,  Pa.,  in  whose  shop  he  be- 
came foreman  and  afterward  superintendent.  For  a  number  of 
years  he  was  shop-foreman  of  the  shops  of  the  Dickson  Manu- 
facturing Company  of  Scranton,  and  since  1875  was  superinten- 
dent of  the  Jeanesville  Iron  Works,  with  which  he  was  con- 
nected at  the  time  of  his  death.  He  became  a  member  of  the 
Society  in  1881.  His  death,  on  October  25,  1889,  was  due  to 
Bright's  disease. 

FRKDERICK  B.  ttlCE. 

r 

Was  boi-n  March  11,  1851,  at  Cincinnati,  Ohio.  At  the  age 
of  sixteen  he  entered  the  machinist's  trade,  at  the  Shepard 
Iron  Works,  Buffalo,  N.  Y.  In  1873  he  was  draughtsman  and 
salesman  for  Brown  &  Struthers'  Iron  Works,  and  was  for  a 
time  their  master-mechanic.  In  1878  he  became  superinten- 
dent of  the  Dunkirk  Ircm  Works,  and  of  the  firm  of  Bice  &  Fell 
of  that  city.  In  1885  he  entered  the  employ  of  J.  T-  Noye,  of 
Buffalo,  as  superintendent  of  the  steam-engine  department, 
where  ho  remained  until  the  failure  of  his  health. 

He  invented  an  oil  engine,  which  was  manufactured  and  put 
on  the  iuHi*k(^t,  and  also  designed  the  Bice  Automatic  Compound 
En<^i]io,  built  by  the  firms  with  which  he  was  connected.  His 
d<\'ith  was  duo  to  consumption,  and  took  place  December  6, 
18M1),  at  Dunkirk,  N.  Y.  Ho  became  a  member  of  the  Society  at 
the  Erie  jXIXtliJ  Meeting,  May,  1889. 
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HECTOR  C.  IIAVEMEVEB. 

Was  bom  iii  New  York  City  in  1S40.  He  was  educated  at 
Union  College,  which  he  left  in  1861,  before  graduating.  Soon 
after  this  time  he  went  to  Qermany  and  studied  the  prinoipleB 
of  the  sugar  business,  returning  in  1865  to  associate  himself 
with  the  sugar  house  of  Harris  &  Dayton.  Afterward,  with 
Mr.  Albert  Havemeyer,  his  uncle,  a  model  house  was  erected  in 
North  Sacoad  Street,  Williamsburg,  which  later  became  one  of 
the  houses  controlled  by  Havemeyer  &  Elder. 

Ho  started,  in  1871,  another  house  in  Jersey  City,  under  the 
names  of  Havemeyer,  Eastwick  &  Co.,  the  two  latter  being  after- 
ward united  under  The  Havemeyer  Sugar  Hefining  Company,  of 
which  Mr.  Havemeyer  was  president. 

He  connected  himself  with  the  Society  only  at  the  Erie 
[XlXth]  Meeting,  and  constituted  himself  at  once  a  life  mem- 
ber. He  died  in  Paris,  December  14,  1889,  as  the  indirect 
result  of  overwork  in  connection  with  his  business. 


CHAKUES  A.   ASIIBrRNES. 

Mr.  Ashbnrner  graduated  at  the  head  of  his  class,  in  1874,  in 
the  Towne  Scientific  School  of  the  University  of  Pennsylvania. 

Hia  first  work  was  as  "  transit-man,"  locating  range-lights  for 
the  United  States  Light-House  Board,  along  the  Delaware 
River,  below  Philadelphia.  From  1875  to  18.S5  he  was  engaged 
in  geological  work  in  the  State  of  Pennsylvania,  first  in  Hunt^ 
ingdon  County  and  later  in  charge  of  four  other  counties.  In 
1880  he  was  in  charge  of  the  survey  of  the  entire  anthracite  coal 
field,  and  in  1885  in  charge  of  the  survey  of  the  entire  State. 
During  this  time  he  was  also  frequently  employed  as  expert 
in  the  location  of  miuing  fields,  gave  advice  on  the  snbject- 
of  mine-working  and  exploration  for  oil.  In  1886  he  hecame  En- 
gineer and  Geologist  of  The  Fuel,  Gas  and  Electrical  Engineer- 
ing Company  of  Pittsburg,  with  which  he  remained  connected 
up  to  the  time  of  bis  death. 

He  contributed  over  twenty  memoirs  on  engineering  subjects 
to  the  technical  societies,  and  was  author,  either  in  whole  or  in 
part,  of  eighteen  of  the  "  Reports"  connected  with  the  survey  of 
Pennsylvania.  He  died  December  2i,  18S9,  having  connected 
himself  with  the  Society  at  the  XVth  or  Washington  Meeting  of 
1887. 
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CHARLES  D.  SMITH. 

Was  born  in  Plantsville,  Conn.,  February  19,  1855.  He 
graduated  in  the  Class  of  '77  at  the  Sheffield  Scientific  School 
of  Yale  College,  in  the  course  of  Dynamical  Engineering. 

His  business  and  professional  connection  was  principally  with 
the  firm  of  H.  D.  Smith  &  Co.,  Manufacturers  of  Carriage  Hard- 
ware, his  work  being   the   designing  and  arrangement  of  ma- 
chinery and  shops,  and  general  supervision  over  the  company's 
affairs.     At  the  time  of  his  death  he  was  also  manager  of  The 
Connecticut  Electric  Motor  Company,  treasurer  of  the  Soath- 
ington  Board  of  Trade,  and  a  director  of  its  National  BanL  His 
death  occurred  very  suddenly,  January  23,  1890,  from  the  effects 
of  a  fall.     His  life  was  very  interesting  as  an  example  of  the 
conquest  of  will  and  determination  over  the  limitations  imposed 
by  physical  disability. 

EDWARD   H.   OWEN.   Je. 

Was  a  graduate  in  1879  of  the  Massachusetts  Institute  of  Tech- 
nology. After  graduation  he  had  some  practice  in  experimental 
testing  of  stationary  steam  and  pumping  engines,  and  in  setting 
up  such  engines,  and  was  also  employed  in  testing  at  Holyoke 
on  turbines.  He  entered  the  Society  as  a  junior  in  1880  when 
he  was  acting  as  assistant  to  E.  W.  Thomas,  with  the  Williman- 
tic  Linen  Company,  upon  their  buildings  and  other  worL  He  was 
for  some  five  or  six  years  with  the  Lowell  Machine  Shop,  and  in 
1886  was  appointed  superintendent  of  the  Atlantic  Mills  in  Law- 
rence. He  was  able  to  retain  this  post  but  a  few  months,  when 
on  account  of  his  health  he  was  compelled  to  go  to  Colorada 
He  died  at  Colorado  Springs,  July  3,  1890. 

HENKY  J.    DAVISON. 

Mr.  Davison  was  born  in  New  York  City,  December  22,  1835- 
After  leaving  school  he  entered  an  insurance  office,  but  remained 
there  only  a  year,  to  become  an  apprentice  at  the  Chelsea  Lron 
Works,  at  the  foot  of  West  Twenty-sixth  Street,  then  owned  by 
Messrs.  Meade  and  Ayers,  and  building  gas-works  and  light- 
draught  steamers.  He  remained  here  for  seven  years,  three 
years  until  the  old  works  were  sold  out  (to  the  Novelty  Iron  Works 
mostly),  and  the  rest  of  the  time  at  the  reorganized  works  in  the 
shops  at  Fifty-ninth  Street.     He  passed  through  the  machine  and 
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pattern  shop,  tlie  drawing-room  and  ship-building  departments, 
in  course,  and  was  for  some  time  superintendent. 

Mr.  Davison  took  the  contract  for  the  taking  down  of  the 
dome  of  the  New  York  Crystal  Palace,  after  its  destruction  by 
fire,  and  carried  the  work  through  auccessfuUy.  He  became 
thus  specially  conversant  with  iron  structural  work,  and  was  for 
many  yeara  connected  with  contractors'  work  in  South  America, 
making  a  specialty  of  light  steamers  and  iron  structures  which 
were  built  here  and  shipped  for  assembly  on  the  ground.  He 
was  contractor  for  the  telegraph  iustallationa  for  the  United 
States  of  Colombia. 

For  the  last  fifteen  years  he  made  a  specialty  of  gas-engineer- 
ing and  contracts.  He  took  much  interest  in  the  water-gas 
methods  of  manufacture,  and  was  concerned  in  the  erection  of 
some  of  the  largest  works  in  New  York,  Brooklyn,  Baltimore, 
Chicago,  Albany,  and  Syracuse,  and  was  part-owner  in  many 
successful  companies. 

He  died  of  heart  failure,  on  the  steamer  which  was  bringing 
him  home  from  Europe,  July  22,  1890.  He  became  a  member 
of  the  Society  at  the  Cleveland  Meeting  in  June,  1883. 
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A    MEMORIAL    OF  HORATIO    ALLEN. 

BY  M.  N.  FORNBT,  NBW  YORK   CITT, 

(Member  of  the  Society.) 

At  the  close  of  the  last  day  of  the  year  1889,  Horatio  Allen, 
one  of  the  oldest  engineers  in  the  world,  passed  away  from 
earth.  His  life  began  with  the  opening  of  the  century,  and  was 
identified  with  many  of  its  earlier  engineering  enterprises,  and 
he  took  a  leading  part  in  the  introduction  of  railroads  and  loco- 
motives in  this  country. 

He  was  born  in  Schenectady,  N.  T.,  in  1802,  and  was  conse- 
quently eighty-seven  years  old  last  year.  He  was  the  son  of 
Dr.  Benjamin  Allen  and  Mary  Benedict  Allen.  His  father  was 
professor  of  mathematics  at  Union  College,  at  Schenectady, 
and  afterward  established  a  large  school  at  Hyde  Park,  N.  T. 
The  son  therefore  had  excellent  educational  advantages  in  early 
life,  and  was  sent  to  Columbia  College  in  New  York  City,  from 
which  he  graduated  about  1823,  taking  high  rank  in  mathemat- 
ics. He  studied  law  for  about  a  year,  but  after  a  short  time 
decided  to  make  engineering  his  work,  and  entered  the  em- 
ployment of  the  Chesapeake  &  Delaware  Canal  Company  under 
Judge  Wright,  then  Constructing  Engineer  of  that  work.  He 
was  sent  to  St.  George's,  Del.,  and  within  two  weeks  was  placed 
in  full  charge  of  a  party.  In  the  autumn  of  1824  he  was  made 
Resident  Engineer  of  that  work.  A  year  later  he  was  appointed 
Besident  Engineer  of  the  summit  level  of  the  Delaware  &  Hud- 
son Canal,  under  John  B.  Jervis,  then  Chief  Engineer  of  the 
company.  While  Mr.  Allen  was  engaged  in  this  position  his 
attention,  and  that  of  other  engineers  in  America,  was  attracted 
to  the  performance  of  locomotives  in  England.  His  early  rela- 
tion to  these  events  may  best  be  told  in  his  own  words,  quoted 
from  a  paniplilet  with  the  title  "  The  Eailroad  Era,"  which  he 
piiblisluid  a  few  years  ago.     In  this  he  said : 

"During  tlie  years  1826  and  1827  the  use  of  the  locomotive 
on  th(»  St(x-kt()u  &  Darlington  Road,  England,  had  become 
known  to  many,  and  especially  to  civil  engineers  in  this  country, 
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and  among  others  to  myself,  then  a  Eesideut  Engineer  on  tlie 
line  of  the  Delaware  &  Hudson  Canal,  the  great  engineering 
enterprise  of  the  time,  the  Erst  of  the  great  works,  canal  and 
railroad,  that  were  to  bring  the  anthracite  coal  of  the  valley  of 
the  Susquehanna  into  the  valleys  of  the  Delaware  and  of  the 
Hudson  and  to  the  oceaii. 

"  Such  coDsideratiou  as  was  within  my  power  led  me  to  a 
decided  conviction  as  to  the  future  of  the  locomotive  &e  the 
tractive  motive  power  on  railroads  for  general  freight  and 
passenger  transportation,  as  it  had  begun  to  be  for  mine  traoB- 
portation.     .     .     . 

"Early  in  the  year  1827  I  had  given  all  the  attention  that  it 
was  in  my  power  to  give,  and  having  come  to  conclusions  as  to 
the  locomotive,  that  all  subsequent  experience  has  coulirmed, 
and  believing  that  the  future  of  the  civil  engineer  lay  in  a  great 
and  most  attractive  degree  in  the  direction  of  the  coming  rail- 
road era,  I  decided  to  go  to  the  only  place  where  a  locomotive 
was  in  daily  operation  and  could  be  studied  in  aU  its  practical 
details. 

"  Closing  my  service  on  the  Delaware  &  Hudson  Canal,  some 
two  months  were  appropriated  to  certain  objects  and  interests, 
after  whicli  I  was  again  in  New  York,  preparatory  to  going  to 
England. 

"On  my  return  to  New  York  from  these  visits  I  found  that 
it  had  been  decided  by  the  Delaware  &  Hudson  Caiial  Company 
to  intrust  to  me,  first,  the  having  made  in  England  for  that  com- 
pany the  railroad  iron  required  for  their  railroad  .  .  .  and 
having  built  in  England,  for  the  company,  three  locomotives,  on 
plans  to  be  decided  on  by  me  when  in  England, 

"  This  action  of  the  Delaware  &  Hudson  Canal  Company  was 
on  the  report  of  their  Chief  Engineer,  John  B.  Jervis,  and  tbos 
it  occurred  that  the  first  order  for  a  locomotive  engine,  after  the 
locomotives  on  the  Stockton  &  Darlington  Boad  were  at  work, 
came  from  an  American  company,  on  the  report  of  an  American 
civil  engineer." 

The  following  are  copies  of  some  old  papers,  which  were  pre- 
nerved  by  Mr.  Allen,  relating  to  this  commission.  One  of  them 
is  indorsed ; 

"  18^8.— EXTBACrS  FROM  THE  REPOHT  OF  THE  COMUnTBB  8ASCTI0NKD  BY 
THK    BOARD   REFEIIRED   TO    IN    MV    LKTTElt   TO    MR.  ALLEN. 

■  J.  BoLTon,  Pretident." 
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The  following  is  a  copy  of  the  paper,  which  evideDtlj  em- 
bodies the  instructions  of  a  committee  to  Mr.  Allen  for  the 
execution  of  his  commission  in  England : 

EXTRACT,   ETC. 

That  Horatio  Allen,  Esq.,  Civil  Engineer,  has  agreed  to  go  to  England  ai  the 
agent  of  the  coiDpany,  to  procure  tlie  railroad  platea  and  perform  sach  other 
sen'icoB  in  relation  thereto  aa  may  be  required  of  him.  The  company  to  pay  his 
passage  out  and  liome  and  his  expenses  during  his  stay,  allowing  biro  to  remain 
three  moiitlis,  for  tlie  purpose  of  attending  to  the  company's  business  and  aeqni> 
ing  information.  His  expenses  on  the  whole  not  to  exceed  $000,  and  on  his 
return  he  will  communicate  to  tlie  company  all  the  information  he  may  acquire 
that  may  be  useful  to  the  work  in  which  they  are  engaged. 

That  they  deem  it  advisable  to  authorize  Mr.  Allen  to  procure  one  locomotive 
engine  complete,  as  a  puttcru,  and  tliat  tlie  Chief  Engineer  is  making  inquiries 
to  ascertain  wheilier  it  may  not  be  expedient  to  authorize  the  construction  of  all 
the  locomotive  engines  in  England. 

That  it  is  deemed  advisable  to  suspend  the  making  of  the  wheels  and  axles  of 
the  coal  wagons  until  information  be  received  from  Mr.  Allen  of  the  coet  of  those 
articles  in  England,  and  of  tlie  latest  improvements  that  have  been  adopted  in 
the  manner  of  connecting  the  wheels  and  axles.  The  engineer  in  his  report 
recommends  wheels  of  8^  feet  diameter  ;  but  his  mind  is  not  definitely  made  np 
on  this  i>oint.     He  will  investigate  the  matter  further  and  report  the  result. 

That  Mr.  Allen  be  instiucted  to  procure  the  railroad  plates  of  the  length 
recommended  in  the  report  of  tlie  Chief  Engineer ;  the  ends  to  be  cut  and  fitted 
into  each  other  and  the  holes  made  for  the  fastenings,  as  recommended  in  the 
same  report ;  that  the  rounding  of  the  edges  of  the  plates  will  be  advantageous, 
but  is  not  so  indispensable  ns  to  induce  the  committee  to  n^commeud  that  the 
plates  be  thus  forme<l  without  limitation  as  to  the  increase  of  expense  and  time 
that  may  be  required  therefor. 

That  there  is  much  force  in  the  reasoning  of  the  Chief  Engineer  in  f^vor  of 
dispensing  with  any  allowance  for  expansion  and  contraction  of  the  plates,  in 
forming  the  holes  for  the  fasteuingp.  yet  the  committee  are  of  opinion  that  it 
would  be  safest  to  make  such  allowance,  and  the  Chief  Engineer  has  devised 
a  plan  for  effecting  it  which  the  committee  believe  will  be  suc6e^sful.  This  plan 
will  be  communicated  to  Mr.  Allen,  and  he  may  then  be  allowed  veiy  safely  to 
adopt  that  or  any  other  plan  which  may  be  found  more  economical. 

The  committee  being  now  satinfied  tliat  an  economical  plan  will  be  devised  for 
forming  the  holosi  in  the  plates  so  as  to  allow  for  contraction  and  expansion,  tliey 
unite  in  opinion  with  the  Chief  Engineer  that  the  fastenings  of  the  plates  will 
be  be>t  eflfected  with  Bcrews. 

That  the  Chief  Engineer  is  of  opinion  that  on  two  of  the  levels  west  of  the 
summit  and  one  east  of  the  summit,  machinery  worked  by  engines  may  be  advan- 
tageously substitut'^d  for  the  liorse-power  tirtft  proposed,  but  that  the  form  of  the 
country  will  not  admit  of  such  substitution  on  the  other  levels  west  of  the 
summit. 

S.  Fleweli<ino, 
Treasurer  of  the  DeUiware  d  Hudson  Canal  Company, 
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sxTBACT  raoM  Tos  uiSDTBs  OF  JUiUAKT  10,  18S8. 

The  roundinjr  of  tlie  edgen  or  omitting:  it  ia  left  to  Mr,  Allen.  The  last  para- 
graph in  iniroduced  to  luygest  to  Mr.  AlleD  ttist  informatloa  ia  wanted,  la  ilie 
letter  to  Meiiara.  Brown  1  say  :  "  Mr.  Allen  is  anilioriKed  t«  procure  bucIi  draw- 
iaga  of  machiaery  and  desi^^ns  conufecled  with  railroads,  canals,  aod  tbe  ruieing 
and  Iraueporting  of  coat  as  Le  maj  deem  proper." 

J.  Bolton. 

A  letter  from  Mr.  Jerria,  the  Chief  Engineer,  which  appar- 
ently accompaniecl  the  preceding  "  Extracts  from  the  Report  of 
the  Committee,"  is  indorsed  : 

"  1828.— MR.  JERVIB'B  LETTKtt  TO  WK.  AU-K.V  BEPBHRKD  TO  IN  MT  LETTER 
TO  MB.    ALLEN. 

"J.  Bolton." 
The  letter  is  as  follows  : 

To  noratio  AlUn,  Ftq.: 

Db4R  Sir  :  Tbe  Board  of  Managers  for  tbe  Delaware  ft  QndiKiD  Canal  Com- 
pany, bavtng  made  an  engajjemriit  with  you  to  prncted  to  England  aa  tbelr  agent 
to  procure  certain  aitUles  for  the  proposed  CarlModBle  Railroad,  and  also  such 
iuformalion  as  may  ito  uEeful  in  tbe  construclion  ai>d  iiiaoagempnt  of  said  rail- 
road ;  [  am  therefore  directed  by  the  said  Boaid  of  Managers  to  furniah  you 
-   such  iaformnlioD  and  instruction  as  will  further  ibtir  oliject 

The  Board  of  Managers  have  dBleriulDed  on  procarlug  their  iron  plates  for  the 
railway  tracks  aa  one  item. 

Till'  ipngiU  of  platen  lo  he  from  12  to  14  fpei.  nx  you  may  find'moai  coavenieot 
for  rolling  tliem  ibrougb  on  tbe  edges;  to  be  2^  incbea  wide  on  tbe  bollomandS 
incbeson  tbe  upper  surface  and  ]  inch  ttiicb,  with  the  upper  edges  rounded  and  tbe 
end  floished  as  represented  on  tbe  plau.  Hoisj  to  he  drilled  for  the  screws  with 
couiitersuok  beads  at  eacli  and  of  every  bar  and  at  intermediate  points  IS  inches 
a]>art.  After  the  holes  and  countersink  have  been  drilled  in  a  circular  form, 
llien  a  rimmer  of  the  proper  form  to  lit  the  couiiCerrink  and  bole  for  the  neck  of 
tbe  screw  to  be  put  into  cut  the  aperture  longitudinally.  To  effect  tbia  the  rimmer 
mu.it  lie  put  in  and  then  firmly  fixed  to  its  position  and  the  bar  made,to  more 
towiird  it  in  the  direction  of  its  length,  about  ^  or  1  of  an  Inch.  This  may  be 
reduced  as  you  recede  from  its  end  to  the  Cf  utre  ;  but  as  it  ia  likely  to  create  con- 
fusion to  attempt  any  economy  in  varying  ihe  length  to  be  rimmed,  it  wlU  be 
belter  to  have  all  the  holes  riuimed  alike. 

LOCOMOTIVE   STSAM    ENaiKBB. 

It  is  desirable,  in  order  to  di!ipeiise  with  the  tender  carriages,  to  hare  a  water- 
tank  Gxed  to  tbe  engine-carriage  that  will  conlaln  about  100  gallone.  If  made 
in  two  part!<,  of  sheet  iron,  it  will  weigh,  with  iis  hanging  or  supporting  Irons, 
about  2.50  lbs.,  and  tbo  water  alioul  1,000  lbs.,  making  together  about  1.2B0  lbs. 
To  increase  ihe  capai^lry  of  the  tank  to  120  or  150  gallons  would  add  but  little  to 
it»  weight.  1  pee  no  djfliculty  in  attncbing  such  a  tank  10  the  engine- carriage, 
and  you  will  determine  whether  it  will  be  most  convenient  to  support  It  over  the  . 
axles  or  aujpend  it  under  them  ;  being  divided  into  two  equal  parts  It  may  bo 
placed  on  each  fide  of  tlje  revolving  chains,  with  a  pipe  to  pass  the  water  from 
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one  to  the  other.     If  the  weight  of  the  engine  shoald  admit  of  it,  it  will  be  pref- 
erahle  to  make  the  tank  t^ufficient  to  contain  1'20  to  ISOgallooB.     The  pump  of 
the  engine  to  supply  the  boiler  with  water  from  the  tank  should  be  calculated  to 
work  one^iiarter  faster  than  necessary  for  a  regular  Bupplv  in  order  to  proride 
for  a  wuiite  of  steam  when  the  engine  stops,  and  to  be  constructed  so  as  to  work 
by  hand,  which  will  be  necessary  at  certain  times.     The  boiler  will  not  require  i 
capacity  for  any  considerable  quantity  of  water  beyond  what  is  necessary  for  the 
work,  as  the  pump  will  regularly  supply,  except  when  the  carriage  stops  at  the 
end  of  the  road,  at  which  time  it  is  sup{H)sed  to  have  sapplied  a  aarplns  adequate 
to  the  waste  that  will  take  place  during  delay.     The  stopiMges  may  be  estimited 
at  one-qunrter  the  whole  time  ;  on  the  shortest  section  10  minutes,  on  the  loDgest 
20  minute:*.     The  weight  of  engine,  carrirtge,  and  water,  if  placed  on  nix  wheels, 
to  be  from  6  to  7  tons,  but  G^  tons  preferred.     If  it  should  be  found  that  a  six- 
wheel  carriage  his  any  important  diiBculiy  in  working  well  on  curved  roads,  thtt 
in  your  judgment  would   counterbalance  the  advantage  of  a  heavier  engine  and 
give  the  preference  to  the  four-wheel  cariiage,  then  the  weight  must  not  exceed 
5^  tons  ;  but  the  six-wheel  carriage  will  be  preferred  if  it  can  be  made  to  work. 
If  a  six -wheel  carriage  the  axle  need  not  exceed  2J  or  8  inches  at  the  bearing. 
The  diameter  of  the  whecds  3  to  4  feet,  as  you  find  most  approved  from  experi- 
ments in  England  for  similnr  purposes  and  rate  of  travelling,  say  8^  to  5  miles  per 
liour.    The  power  of  the  engine  such  as  will  carry  80O  lbs.,  at  the  rate  of  4  milei 
the  hour,  or  what  is  nearly  the  same  thine:,  640  lbs.,  at  the  rate  of  5  miles  the 
hour.     I  think  al>out  4  miles  the  hour  a  good  velocity  for  the  work  contemplated, 
but  the  range  above  given  will  allow  you  to  vary  this  as  you  maj  find  most  ex- 
pedient, in  relation  to  several  points  that  you  will  perceive  to  have  a  bearing  on 
this  question.     The  diameter  of  the  wheels  of  the  engine-carriage  will  affect  the 
velocity,  or  distance  travelled  at  a  given  number  of  strokes  of  the  engine,  bnt 
I  would  take  8  feet  as  the  minimum  diameter  and  make  them  as  much  larger  as 
the  arrangement  of  the  working  parts  will  admit,  without  giving  too  greats 
velocity.     The  length  of  the  stroke  must  depend  something  on  the  facilities  of 
securing  firmness  to  the  cylinder,  and  this  may  lead  you  to  prefer  a  larger  or 
smaller  diameter  for  the  cylinder  ;  the  pressure  of  the  steam  has  also  a  hearing 
on  the  (juestion;  on  account  of  the  weight  I  think  the  cylinder  should  not  exceed 
8  inches. 

To  elucidate  my  views  more  fully,  I  will  state  what  appears  to  roe  a  suitable 
arranfj^ement.    Length  of  stroke  27  inches  and  40  strokes  per  minute;  two  8-lnch 
cylinders,  ])ressure  of  steam  60  lbs.  persquare  inch.     This  will  give  2,400  revoin- 
ti(ms   per   hour.     Area  of  cylinder  8^  x  .7854  x  2  =  100.5  square   inches.    A 
double  stroke  equal  4.5  feet;  then  100.5  x  4.5  x  60  x  2,400  =  65,124,000   lbs. 
raised  1  foot.     But  by  the  experiments  of  Wood  we  may  only  take  80  per  cent 
and  05.124,000  x  .30  =  19,587.200  raised  1  foot,  which  is  equivalent  to  800  lbs. 
carried  or  laiscd  24,421  feet,  ecjual  to  4.62  miles  per  hour.     Now  1^4,421  -i-  2,400 
=  10.17  feet,  the  space  moved  over  by  the  carriage  at  each  revolution  of  the  en* 
gine,  and  of  course  the  diameter  of  the  wheel  must  be  8.25  feet.     If  there  shoald 
ni>pear  a  difiiculty  in  securing  a  cylinder  with  proper  stability  for  the  above 
length  of  27  inches,  it  may  be  advisable  to  make  the  stroke  25  inches.     Then,  all 
other  ])r)ints  remaining  the  same,  the  power  of  the  engine  will  only  be  equal  to 
carry  the  same  load  of  ^00  lbs.  4^  miles,  and  the  wheels  of  the  carriage  must  be 
reduced  to  ',i  feet  diumeter.     It  may  l^e  found  expedient  to  have  larger  wheels  and 
travel  at  the  rate  of  5  miles  ]>er  hour  with  a  pntportionalload.  Suppose  cylinder 7^ 
indies  (iiumeter,  27  inches  stroke,  pressure 00  lbs.,  40  double  stiokea  per  minaie. 
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or  2,400  pnr  hour.  Then  7.5'  x . 7S54 s  2  =  89.84.  say  area  of  two  cyliodprs  88  x  BO 
K  4.5  K  3,400  =  5T,3i4,000  lbs.  raised  1  foot;  80  percent,  in  17,107,200  lb«.  raised 
1  font,  and  la  FqniTultm  to  Gi'i  lb.',  parried  5  miles,  will  require  tbo  catiiage 
wbeal  to  be  8J  feet  diameter.  Tbe  power  of  the  engine  wili  be  a  trifle  iega  than 
the  Inst  calcaUiliiD  before  it.  Bill  if  you  find  it  oece^sary  to  redune  tbe  length 
of  stroke  to  'IS  incbes  it  will  nut  give  tbn  power  we  prefer  wilb  lena  than  8-lllcb 
cvlinders.  If,  as  before  'ibaerred.  jua  tind  ditficaltiea  that  have  tiot  beeu  antici- 
pated in  working  a  sis-wbet- 1  carriage,  that  conpelu  tlie  use  of  a  foor-wlieel  c*f. 
riB);e,  ibe  power  of  llie  t-ngine  niiiHt  btt  reduc(>d  In  order  to  redace  ihe  weiglit  of 
tbe  eng-iae  and  tlie  carriage.  IF  .vou  canaroid  li.  I  tbiiik  Itbetter  not  to  calculate 
for  mote  than  40  double  strokes  per  inliinte.  I  believe  the  above  will  give  you  a 
sufficient  view  of  wbnt  will  answer  our  nbjett,  and  yon  miiat  vary  as  jon  Bud  tbe 
experience  of  Kngland  and  your  own  jodgnieutinay  direct.  I  um  of  opinioii  that 
tbe  fumuee  bad  better  be  of  tbe  oval  form  laid  llal,  otherwise  the  fttmnce  niaj 
bo  tbe  annie  as  for  bjiuminons  coiil.  It  ia  supposed  aiithraciie  coal  does  not  re- 
quire so  high  a  chimni^y  as  other  fuel,  but  I  ant  out  ponxeased  of  any  particular 
facts  on  tbid  subject ;  I  presume  you  can  have  the  chimney  bo  conatrorted  that 
no  additional  piece  may  be  attached  if  it  is  found  on  trial  lo  require  it.  On  this 
prerumptioD  I  would  not  hare  it  more  tbanlO  feet  high.  As  tbe  height  of  chim- 
ney will  affect  the  calculation  of  bridges,  it  is  advisable  to  nudersiiuid  tliis  ques- 
tiou  as  enrly  as  possible. 

The  width  in  tbe  clear  between  the  rails  ia  4  feet  8  inchFB.  The  greaieat  cur> 
vatiire  of  that  part  of  tbe  road  on  which  tocomolive  engines  are  to  be  used  Is  that 
which  gives  a  versed  sine  of  1  foot  on  a  chord  of  S9  feet. ;  but  there  is  only  n 
Biuifle  inatance  of  tbia  cotTaiore,  arc  of  15  chains.  The  curvature  which  occurs 
lu  severnl  instances  in  a  versed  sine  of  1  foot  on  a  chord  of  SS  feet.  A  JO-foot 
chord  gives  exni^tly  J  inch. 

It  is  (li-Li-rmlTieii  by  the  Bnard  that  you  will  procure  trora  England  one  Incomo- 
tive  engine  with  carnage  [:otnpletu  for  work,  'rho  three  otbem  that  will  be 
wanted  to  depend  on  the  cost  at  which  they  can  bo  olitainod  and  delivered  at  New 
York.  It  i.H  supposed  ihnt  tliey  can  be  nblaincd  of  American  manufacturers  for 
|il,8D0.  and  1  pre.^iiiue  it  will  not  be  econotii^  to  procure  them  from  Bugland  at  a 
greater  coal,  unless  yon  perci-ive  a  auperiotiiy  in  the  wnrkmanahip  of  Kngiish 
engines  ihat  in  your  opinion  will  Justify  the  additinnnl  cost. 

As  a  preliminary  step  1  should  advise,  pievioua  to  the  purchase  of  the  locomo- 
tive steHm  engine,  ihot  you  vihit  the  lullingwortb  Bailioad,  near  Coventry,  the 
Ilettoo  Kailroad,  and  Darlington  &  Stoeliton  Koad  ;  the  two  latter  are  tiear  San- 
derbind.  At  Killtiigworib  tbe  locomotive  engine  is  said  to  bare  been  in  regular 
iLse  (wi^rbing  by  the  adlies'on  of  the  wheels)  since  thi^  year  1814  ;  but  the  Mettuu 
Koad  is  more  in  the  character  of  the  propositd  work. 

AUbougli  I  am  alrongly  of  opinion  thai  tbid  will  be  the  mo.it  convenient  and  ero- 
ooniicHl  power  fir  the  ciintemplnled  railroad,  still  you  will  perceive  tbe  propriety 
of  BVHiliiig  ourselves  of  tiie  eipeiienCH  of  olliera  in  reference  to  iia actual  utility. 
If  on  esamination  vou  should  find  essential  dltBcultles  that  we  have  not  appre- 
hi'nd'-d  ill  the  use  of  iIiIh  iiieiins  of  transportation,  and  surh  aa  in  your  judgment 
would  counierbalaiicr  theit  advantages,  then  it  will  be  advirable  not  to  make 
an  enKBi;i'meut,  but  to  cnmmiinicate  the  re.'Ull  of  your  obFervaliona  as  early  as 

R.tTl.BOAD  (-ARBUaEB. 

IntjHire  ri'ppectinp  the  relniive  advantages  of  the  fixed  and  revolving  axle  of 
comuton  raiUvny  cm nsg'cs  ;  their  operation  on  curved  roads;  tbe  moihods  and 
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facility  of  applying  the  brake;  the  manner  of  constructing  and  Mcaringtbe 
axle  to  the  wheel  in  both  caseH  ;  facilities  for  oiling;  the  width  of  rim  or  tmk 
of  wlieels  as  compared  to  the  width  of  rail;  thickness,  depth  of  projection  and 
form  of  flange;  broaiith  and  thickness  of  spokes  of  cast  and  wrought  iron;  min. 
ner  of  handling  and  fastening  the  door  in  the  bottom  of  the  carriage  to  facilittte 
unloading  coal. 

It  is  deemed  advisable  to  ascertain  the  cost  of  iron  axle-trees  for  the  coal-car- 
riages, made  of  iron  equal  in  quality  to  Sweden  or  Rnshia  iron,  the  l»ar  2^  inches 
square  and  the  bearing  2^  iuclies  diameter  turned  smooth.    State  the  costdistina 
for  revolving  and  fixed  axles  ;  as  you  will  perceive,  the  fixed  axle  will,  on  acooont 
of  its  longer  benring  in  the  nave  of  the  wheels,  requird  more  expense  in  turning. 
Examine  whether  fixed  axles  are  tapered  from  the  shoulder  to  the  outer  bearing 
in  the  nave,  or  whether  the  axle  is  of  uniform  diameter  through  the  nave  of  the 
wheel,  and  in  what  manner  the  wheel  is  secured  to  the  axle,  and  box  of  carriage 
through  the  axle. 

Very  respectfully,  your  friend  and  obedient  servant, 

John  B.  Jbrtis. 

New  York,  January  16,  1828. 

The  duties.   Bay  27^  per  cent,   exchange,  interest,  and  other  charges,  will 
together  amount  to  about  45  per  cent,  on  the  cost  of  the  engine. 

"  It  was  under  these  favorable  circumstances,"  Mr.  Allen  say8» 
"  that  I  left  New  York  in  January,  1828,  and  within  two  days 
after  my  arrival  at  Liverpool  I  made  the  acquaintance  of  Gteorge 
Stephenson,  in  the  most  agreeable  relations,  and  from  that  time, 
during  my  stay  in  England,  I  received  from  him  every  kindness  in 
his  power,  and  all  the  aid  to  what  I  had  come  so  far  to  seek  that 
was  at  his  command  at  Liverpool,  on  the  Stockton  &  Darlington 
Kailroad,  and  at  Newcastle,  at  that  time  the  centre  of  all  that 
was  in  progress  in  railroad  and  locomotive  matters." 

To  get  ail  idea  of  ''  the  state  of  the  art "  of  locomotive  con- 
struction at  the  time  Mr.  Allen  arrived  in  England,  in  1828,  it 
must  be  remembered  that  it  was  before  the  celebrated  trial  of 
the  liorkd  on  the  Liverpool  &  Manchester  Bailway,  which  did 
not  occur  until  October  14,  1829.  The  form  of  locomotive  en- 
gine which  is  described  in  Wood's  "  Treatise  on  Bailroads/'  and 
which  that  author  says,  "  with  trifling  modifications,"  was  used 
OD  the  Stockton  &  Darlington,  the  Killingworth,  and  other  rail- 
roads in  England,  liad  cylindrical  boilers,  with  hemispherical 
eiicls  and  a  single  cylindrical  tube  of  about  2  feet  diameter,  which 
passed  through  the  })oiler  and  was  placed  within  2  inches  of  the 
1)()ttom.  In  one  end  of  this  tube  the  fire  was  placed  and  the 
other  end  was  terminated  by  a  chimney.  In  some  engines  this 
tube,  instead  of  passing  through  the  boiler,  was  made  to  return 
and  pass  out  at  the  same  end  as  the  fire-grate.     The  engines  had 
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four  ■wheels  and  two  cylimlers,  which  were  placed  vertically  and 
attached  to  the  top  and  partly  within  the  boiler,  and  were  located 
on  the  longitudinal  centre  line  of  the  engine,  one  of  them  direct- 
ly over  each  axle,  the  piston-rods  working  through  the  top  cyl- 
inder heads  with  a  long  croas-head,  which  extended  tranavoraely 
far  enough  ao  that  the  connecting-rods  could  be  coupled  directly 
to  crank-pina  to  the  outaide  of  the  wheela.  The  cranka  oo  the 
two  pairs  of  wheels  were  at  firat  maintained  at  riglit  angles  to 
each  other  by  an  endless  chain  passing  over  cog-wheels  fixed 
npon  the  axles  of  the  engine.  That  Mr.  Jervia  contemplated 
some  such  arrangement  as  this  ia  indicated  by  the  fact  that  ho 
speaks  of  "  revolving  chains  "  in  his  letter.  Of  these  chains  Mr. 
Wood  says : 

"  However  good  in  other  respects,  this  chain  had  its  defects, 
and  it  haa  been  superaeded  by  cranks  and  connecting-rod.  By 
continued  working  the  chain  was  apt  to  stretch,  and  a  contriv- 
ance was  resorted  to,  of  the  removal  of  the  chairs  (?)  from  each 
other,  to  tighten  the  chain ;  but  as  this  could  only  be  done  at 
certain  periods,  the  chain  waa  frequently  getting  alack.  When 
this  took  place,  and  when  the  full  power  of  one  of  the  cylindera 
was  applied  upon  one  pair  of  wheels,  while  the  other  connecting- 
rod  waa  upon  the  centre,  and  therefore  not  capable  of  acting 
at  all  upon  the  other  wheela,  the  rotation  of  the  latter  depended 
upon  the  action  of  the  ohaina  ;  if  the  chain  was,  therefore,  slack, 
it  occasioned  a  slipping  of  the  wheel  until  the  links  of  the  chain 
laid  hold  on  the  projection  of  this  wheel  in  the  direction  in  which 
the  chain  waa  moving  round,  and  this  slipping  alternately  oc- 
curred by  each  of  the  wheela  in  succession,  as  they  became  a 
predominant  moving  power.  The  chain  was  therefore  laid 
aside." 

To  maintain  the  cranks  of  the  two  pairs  of  wheels  at  right 
angles  to  each  other,  "  returned  cranks "  were  attached  to  the 
outer  ends  of  the  crank-pins  of  one  pair  of  wheels.  These  re- 
turned cranks  had  what  maj-  be  called  secondary  pins  on  their 
outer  ends,  which  were  placed  at  right  anglea  to  the  main  pin. 
These  secondary  pins  were  connected  by  coupling-rods  to  the 
main  pins  on  the  other  pr.ir  of  wheels,  an»i  thus  the  two  sets 
main  pins  on  the  two  paira  of  wheels  were  kept  at  right  angles 
to  each  other, 

It  should  be  observed  that  when  Mr.  Allen  arrived  in  England 
the  use  of  the  multitubular  boiler  in  locomotive  engines  was  un- 
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kuown,  or  was  only  talked  about.     Id  the  eugrayiDg  of  the  Eil- 
lingworth  engine  in  Wood's  "  Treatise,"  he  shows  and  describes 
an  exhaust-pipe  which  "  is  opened  into  the  chimney,  and  turns 
up  within  it ; "  but  the  value  of  the  steam  blast  was  then  not 
recognized.     The  locomotives  which  were  known  in  America  at 
that  date  were  those  which  have  been  described.     It  is  therefore 
not  remarkable  that  Mr.  Allen,  then  only  twenty-seven  years 
of  age,  and  feeling  the  responsibility  of  his  position,  should  be 
governed  by  the  instructions  which  he  received   when  he  left 
home.     He  therefore  ordered  of  Messrs.  Foster,  Kastrick  &  Ca,  of 
Stourbridge,  three  locomotives  of  the  Stockton  &  Darlington 
type.*     One  of  these  was  the  engine  that  afterward  had  the  dis- 
tinction of  being  the  first  one  that  was  ever  run  in  America.    It 
had  four  coupled  wheels,  all  drivers,  driven  by  two  vertical  cyl- 
inders, with  {j6-iuch  stroke,  placed  at  the  back  end  and  on  each 
side  of  the  boiler.     The  motion  of  the  piston  was  transferred 
through  two  grasshopper  beams  above  the  cylinders,  and  from 
those  beams  by  connecting-rods  to  the  crank-pins  on  the  wheels. 
The  front  end  of  the  beam  was  supported  by  a  pair  of  radius 
rods  whicli  formed  a  parallel  motion.     The  spokes  of  the  wheels 
were  hoavy  oak  timbers,  strengthened  by  an  iron  ring  bolted  to 
the  spokes  midway  between  the  hub  and  felloes,  and  the  latter 
was  matle  of  strong  timber  capped  by  a  wrought-iron  tire.     From 
the  illustrations  of  this  engine  which  have  survived,  tlie  cranks 
on  each  pair  of  wheels  were  apparently  at  right  angles  to  each 
other,  otherwise  it  is  not  clear  how  the  engine  could  start  when 
they  were  on  one  of  the  dead  points.     The  boiler  was  cylindrical 
and  had  several  large  flues  inside. 

After  Mr.  Allen  arrived  in  England,  as  already  stated,  he 
made  the  ac(|uaintance  of  Greorge  Stephenson,  and  from  him  re- 
ceived much  valuable  aid  and  advice.  He  visited  Liverpool,  the 
Stockton  &  Darlington  Kailway,  and  Newcastle.     Locomotive 

*  In  tin*  latter  part  of  his  life,  Mr.  Allen  was  of  the  impression  that  one  loco- 
motive was  orden'.l  of  this  firm  and  two  of  MepKM.  Stephenson  &  Co.,  of  New- 
castle, but  an  e\ainii)ation.  sinee  hin  dearh,  of  some  correspondence  on  file  in  the 
otilre  of  the  Delawant  &  Hudson  Canal  Company  lias  shown  conclufrivelj  that 
three  eujiines  wen^  built  \^y  the  first-montioned  firm  and  one  hy  the  Messm. 
Stephenson.  Tliis  rorn-spondi'nce  Hhuws  that  the  locomotive  built  hy  \he  Ste- 
jilieiisons  nrriv.MJ  in  Nrw  York  on  board  the  ship  Columbia  about  the  middle 
of  .lanuary.  \H2\).  The  first  one  of  thoso  buiU  by  Foster,  Rastrick  &  Co. 
arrival  on  hoard  tlie  Jtthn  Jay,  May  18  of  the  same  year;  the  second  one  on 
the  shi)»  Sp/f/tdid,  about  the  middle  of  August,  and  the  last  one  on  September 
IT,  nu  tlie  Jo/i/i  Jiiy. 
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engines  had  tLeu  been  in  successful  use  since  1814,  and  the  auli- 
ject  of  railroads  was  attracting  great  attention,  not  onlj  in  that 
country,  but  in  America  aod  the  wbole  civilized  world  as  well. 

The  following  extract  from  a  report  of  the  Second  General 
Meeting  of  the  Liverpool  &  Manchester  Railway,  dated  March 
27,  1829,  will  show  how  the  subject  was  then  regarded.  In  this 
report  it  is  said : 

The  naiurenf  tljepoww  to  bn  used  for  the  conreynnee  nt  gonds  and  pssfieiigeta 
becriiaes  iion  a,  questioa  of  great  mnniEDt,  OD  whatever  principle  tbe  carrying 
depDrtnient  lua.c  be  cnnduciad.  After  due  odd  Bid  era  I  ion  the  eDgioeer  liua  been 
ooilioriied  to  pre()are  a  loci'motive  engine,  wiiich  from  tbe  nature  of  its  cnn- 
Htraction,  and  from  the  eiperiuienta  alrradj  luadu,  Ije  is  of  opinion  will  be 
eflpctive  for  [be  purposes  of  the  compaoy,  wiilioul  proving  an  unuoyanee  to  the 
public.  In  tUe  course  of  tbe  ensuing  snmDier  it  is  luicoiled  to  mahf  tria1i>  on  a 
lai^e  settle,  so  as  to  o^ccrialn  tlie  aiiBicionay,  In  all  respects,  of  this  important 
macbine.  On  this  tnbjtcl.  aa  on  evetj  oiber  connected  with  the  eiecntion  ot  tlie 
important  task  committed  to  iiis  cbaigc,  tlis  dlrocUm  have  every  confidence  In 
Mr.  Sippliennoii,  lUtir  principal  engiriE-er,  whose  ability  and  uiinGaried  activity 
tliej  are  glad  <if  tbis  opportunity  to  acknowledge. 

On  his  arrival  in  England  Mr,  Alleu  found,  as  Mr.  Wood  in 
the  preface  to  his  "Treatise  "  says,  that  "The  eyea  of  the  whole 
Bcientiiic  world  were  upou  the  great  work  of  the  Liverpool  & 
Manchester  Railway;"  and  as  another  writer  of  that  period  re- 
ported, "discoveries  were  daily  made  ot  new  principles  applica- 
ble to  locomotives,  and,  extritordinary  as  they  now  are  in  their 
power  and  velocity,  great  improvements  may  yet  be  reasonably 
anticipated."  In  England  Mr.  Allen  spent  considerable  time  in 
visiting  the  different  roads  then  in  operation,  and  in  studying 
the  performance  of  the  locomotives  in  use.  The  kind  of  power 
to  be  uaed  ou  the  Liverpool  &  Manchester  Railway  was  regarded 
as  a  qtiestion  of  great  moment.  Id  the  spring  of  the  year  1829 
the  directors  of  that  company  sent  a  deputation  of  their  body  to 
visit  the  lines  where  ditFerent  varieties  of  motive  power  were 
employed.  The  only  conclusion  which  they  came  to  appeared 
to  have  been,  that,  from  the  great  amount  of  trafSc  anticipated 
upon  the  line,  horses  were  inapplicable.  The  contest  then  be- 
ing between  locomotive  and  fixed  engines,  in  order  to  determine 
which  of  the  two  was  the  most  suitsible  for  the  purpose,  the 
directors  resolved  to  employ  two  practical  engineers,  Mr.  James 
Walker  and  Mr.  John  W.  Rastrick,  to  report  which,  under  all 
eircu  instances,  was  the  best  description  of  moving  power  to  be 
used.  They  reported  against  locomotive  and  in  favor  of  station- 
ary engines.     Notwithstanding  this  report,  the  directors  did  not 
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fcol  tliomselves  able  to  come  to  a  decision  on  the  subject— a 
leaning  iu  favor  of  locomotive  engines  existing,  it  was  said,  in  a 
majority  of  the  directors. 

Mr.  Allen  made  a  contract  with  Messrs.  Stephenson  &  Ca, 
of  Newcastle,  for  one  more  locomotive.  This  engine,  he  said, 
wjis  ordered  to  bo  identical  in  boiler,  engine  plan,  and  appurte- 
nances to  the  celebrated  Bocl'et, 

When  completed  the  four  engines  were  shipped  to  New  York 
and  arrived  there  during  the  year  1829.  The  Stourbridge  Lion^ 
it  is  said,  was  sent  from  the  foot  of  Beach  Street,  in  New  York, 
to  Bondout,  and  thence  reshipped  by  canal  to  the  track  at 
Honesdale,  where  it  made  its  celebrated  first  trip.  Some  of  the 
other  engines  were  for  a  time  stored  in  the  warehouse  of  Messrs. 
Abeel  (fc  Dunscom  on  the  east  side  of  New  York.  One  of  them 
was  tliore  raised  up  so  that  its  wheels  were  not  in  contact  with 
til >?  ground  and  was  exhibited  in  motion  with  steam  on  as  a 
curiosity  to  the  public.  The  singular  part  of  this  is  that  it  is 
not  now  known  what  ever  became  of  these  engines.  All  trace 
of  them  has  been  lost  as  completely  as  though  they  had  been 
cast  into  the  sea. 

Why  the  Stoarhridge  Lion  was  sent  to  Honesdale  and  not  the 
Stephenson  engine,  which  arrived  in  New  York  first,  is  not 
known.  If  this  one,  which  has  since  passed  into  oblivion,  had 
been  selected  for  the  first  run,  we  would  have  had  the  remark- 
able circumstance  that  a  trial  of  an  engine  which  Mr.  Allen 
said  was  built  on  substantially  the  plan  of  the  famous  fiocJcd, 
would  have  occurred  in  this  countrj-  before  that  celebrated  event 
took  pl.Lce  in  England. 

"It  is  to  be  regretted,"  said  Mr.  Allen,  "that  one  of  the 
Stephenson  locomotives  was  not  sent,  and  for  the  reason  that 
they  were  the  )>rofofi/jK\s  of  the  locomotive  Bocket,  whose  per- 
formance in  October  of  the  same  year  so  astonished  the  world. 
If  one  of  the  two  engines  in  hand  ready  to  be  sent  had  been  the 
one  uscul  on  August  9,  the  performance  of  the  Rocket  in  Elng- 
Lind  wcMild  have  been  anticipated  in  this  country." 

Tli(^  stoi-y  of  this  first  trial  of  the  Stourbridge  Lion  has  often 
boon  tolcl.  The  engine  received  its  name,  Mr.  Allen  said,  "from 
tlio  fancy  of  the  i)ainter,  who,  finding  on  the  boiler  end  a  circular 
surfiiccs  slightly  convex,  of  nearly  four  feet  diameter,  painted  on 
it  tlio  lioad  of  a  lion  in  bright  colors,  filling  the  entire  area." 

Tlio   river  and  canal  being  closed  by  ice,  it  was  not  until  the 
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opening  of  navigation  iu  1829  tliat  accesa  was  had  to  the  rftil- 
road  at  Honesdale,  Pa.,  which  waa  then  at  the  heiul  of  the  canal 
and  at  the  beginniiit;  of  the  railroad. 

Beii^  at  libertj  iluiing  July  and  August,  Mr.  Alien  volun- 
teered to  go  to  Hoiieisdale  itnd  take  charge  of  the  transfer  of  the 
locomotive  from  the  canal-hoat  to  the  railroad  track.  Of  the 
place  where  the  trial  was  made  he  wrote : 

"The  line  of  road  waa  atraight  for  about  600  feet,  being 
parallel  with  the  Ciinal,  then  crossing  the  Lackawaxen  Creek  by 
a  curve  nearly  a  quarter  o£  a  circle  long,  of  a  radius  of  750  feet, 
on  trestlework  about  30  feet  above  the  creek,  and  from  the 
curve  extending  in  a  Hue  nearly  straight  into  the  woods  of 
Pennsylvania. 

"The  road  was  formed  of  rails  of  hemlock  timber  in  section 
6  X  12  inches,  supported  by  caps  of  timber  10  feet  from  centre 
to  centre.  On  the  surface  of  the  rail  of  wood  waa  spiked  the 
railroad  iron — a  bar  of  rolled  iron  2^  inches  wide  and  j  inch 
thick.  The  road  having  been  built  of  timber  in  long  lengtha* 
and  not  well  seasoned,  some  of  the  rails  were  not  exactly  in 
their  true  position.  Under  these  circumstances  the  feeling  of 
the  lookers-on  became  general  that  either  the  road  would  break  ^ 
down  under  the  weij^ht  of  the  locomotive,  or,  if  the  curve  w 
reached,  that  the  locomotive  would  not  keep  the  track,  and 
would  dash  into  the  creek  with  a  fall  of  some  thirty  feet 

"When  the  steam  waa  of  right  pressure,  and  ail  was  ready,  I 
took  my  position  on  the  platform  of  the  locomotive  alone,  and 
with  my  hand  on  the  throttle-valve  handle,  said:  'If  there  is 
any  danger  in  this  ride,  it  is  not  necessary  that  the  life  and 
limbs  of  more  than  one  should  be  subjected  to  danger,'  and  felt 
that  the  time  would  come  when  I  should  look  back  with  great 
interest  to  the  ride  then  before  me. 

"The  locomotive  liaving  no  train  behind  it  answered  at  once 
to  the  movement  of  the  valve ;  soon  the  straight  line  waa  run 
over,  the  curve  was  reached  and  passed  before  there  was  time  to 
think  as  to  its  being  passed  safely,  and  soon  I  was  out  of  sight 
in  the  three  miles'  ride  alone  in  the  woods  of  Pennsylvania. 

"I  had  never  run  a  locomotive  nor  any  other  engine  before, 
I  have  never  run  one  since  ;  but  on  August  9,  1829, 1  ran  that 
locomotive  tliree  miles  and  back  to  the  place  of  startingj  and 
being  without  experience  and  without  a  brakeman,  I  stopped 
the  locomotive  on   its  return  at  the  place  of  starting.     After 
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losing  the  cheers  of  the  lookers-on,  the  only  sound,  in  addition 
to  that  of  the  exhaust  steam,  was  that  of  the  creaking  of  the 
timber  structure. 

"  Over  half  a  century  passed  before  I  again  revisited  the  track 
of  this  first  ride  on  this  continent.  Then  I  took  care  to  walk 
over  it  in  the  very  early  morning,  that  nothing  should  interfere 
with  the  thoughts  and  the  feelings  that,  left  to  themselves, 
would  rise  to  the  surface  and  bring  before  me  the  recollections 
of  the  incidents  and  anticipations  of  the  past,  the  realization  of 
the  present,  and  again  the  anticipations  of  the  future. 

"  It  was  a  morning  of  wonderful  beauty,  and  that  walk  alone 
will,  iu  time  to  come,  hold  its  place  beside  the  memory  of  that 
ride  alone  over  the  same  line  more  than  fifty  years  before." 

Mr.  Allen  always  took  a  delight  in  telling  of  this  early  event 
in  railroad  history.  When  the  enormous  extent  of  the  railroad 
system  of  this  country  is  considered,  it  seems  very  wonderfal 
that  it  was  created  within  the  lifetime  of  a  single  individual, 
who  was  an  active,  and,  it  may  be  said,  the  chief  participant  in 
the  very  beginning  of  steam  locomotion  in  this  country.  Less 
than  a  year  ago  the  venerable  Captain  John  Ericsson  ended  his 
eventful  life.  He  was  a  participant  in  the  celebrated  Bainliill 
trial  of  locomotives  on  the  Liverpool  &  Manchester  Railway 
in  1829.  His  life  and  that  of  Mr.  Allen  formed  links  which 
aLnost  united  the  eighteenth  and  the  twentieth  centuries. 

In  September  of  18*29  Mr.  Allen  became  the  Chief  Engineer 
of  'the  South  Carolina  Railroad,  the  construction  of  which  had 
then  been  determined  upon.  On  his  recommendation  the  gauge 
of  the  road  was  made  5  feet.  This  road  was  completed,  and  its 
cost  was  within  his  original  estimates,  and  when  finished  it  was 
the  longest  railroad  in  the  world.  Later,  the  question  of  the 
gauge  of  the  Erie  Road  was  referred  to  him  as  Consulting 
Engineer  of  that  line.  He  advised  that  it  also  be  made  5  feet. 
It  was  a  great  misfortune  that  his  advice  was  not  followed  in 
both  cases,  and  that  the  gauge  for  all  American  railroads  was 
not  made  5  feet.  The  extra  width  of  3J  inches  would  now  be 
an  iinnuuise  advantage  in  the  construction  of  both  cars  and  loco- 
motivos.  As  the  weight,  size,  and  capacity  of  these  have  grown, 
the  value  of  this  H\  inches  of  space  between  the  rails  has 
iiicr(\is(Ml  in  about  the  sauio  ratio. 

At  that  early  date  the  South  Carolina  Railroad  Company  had 
to    dt^c-ide   whether  the  motive  power  of  the  road  should  be 
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horses  or  locomotives.  In  a.  report  made  to  the  company  in 
November,  1829,  Mr.  Allen  presented  an  estimate  of  the  cost  of 
transportation  by  horse-power  and  by  locomotive  power.  The 
estimate  of  cost  of  locomotive  power  was  based  on  facts  ob- 
tained on  the  Stockton  &  Darlin^rton  Railroad.  In  his  pam^ 
phlet,  "  The  Railroad  Era,"  Mr.  Allen  said : 

The  result  of  tlint  cniiipnriHdn  was  \n  favo.'of  Incomolive  poner,  and  the 
report  conl.tiiaed  a  deciiled  rpcomniendalinn  tbal  locomotive  power  gliould  ba 
tbe  power  to  lie  naed  on  thn  South  CamliDa  Railrond.  But  the  basis  of  lUtt- 
offlcdal  at-t  was  not  ilie  simple  estimate  reeling  od  ihu  fucta  aa  ihef  existed  on 
tlie  Stockton  &,  Darliogtoii  HstlroBd,  but.  as  whs  slated  in  tlie  report,  wna  on 
ihn  bread  ground  lliat  in  tiie  future  there  was  no  reason  to  aspect  iinj  ninterial 
impn)v«rnent  in  Uie  br^ed  of  homeH,  while  in  loy  judgmeut  thu  man  wna  noi 
living  who  knew  what  the  breed  of  ioonmotives  wns  to  place  al  comniaud. 

'  This  report  was  submitted  to  a  full  meeting  of  the  board,  and 
the  decision  was  nnanimoua  to  adopt  locomotives  as  the  tractive 
power  on  the  road,  and  Mr.  Alien  added, "  It  was  the  first  action 
of  thiB  kind  by  any  corporate  body  in  the  world." 

The  South  Carolina  Gailroa<l  when  first  constrncted  consisted 
of  timber  rails  or  atringera  6  s  12  inches,  on  which  iron  bars 
2i  X  J  inches  were  spiked.  When  the  question  of  motive  power 
came  up  for  consideration  it  was  essential  that  the  weight  per  ( 
wheel  should  not  bo  greater  than  the  structure  described  could 
safely  bear.  The  load  yif.v  wheel,  therefore,  had  to  be  limited, 
and  it  also  scouicd  to  bo  hij^hly  iiupott^iut  to  place  an  groat  a 
quantity  of  power  within  one  machine  as  possible.  In  another 
communication,  made  May  16,  1831,  to  the  president  and  di- 
rectors of  tlie  road,  Mr.  Allen  discussed  the  general  subject 
of  steam  transportiition,  and  especially  the  subject  of  boiler 
capacity  of  locomotives,  and  then  said : 

Whpn  we  come  to  contider  the  application  of  locomotives  to  wooden  roods 
there  are  circiimstiinces  wiiicii  call  for  attention,  and  a  partlcalsr  adaptation  of 
arrangement  to  tliem.  As  the  same  aaount  of  attendance  and  Kpaire  attend  en- 
gines of  tlie  various  poneiK  within  the  range  that  can  be  employed  on  railroads. 
It  beconie^  a  highlv  important  object  to  place  as  great  a  quantity  of  power  with- 
in one  machine  ai  possible.  Ami  this  is  more  peculiarly  the  case  on  a  road 
where  the  ^ri'nt  and  most  difflcalt  sonrcesoF  expense  are  the  attendance  and  re- 
pairs, while  the  fuel  is  romparatively  of  little  consequence.  As  on  every  road 
there  fxisis  a  limit  uf  weijrht  to  be  placed  on  eaiii  pair  of  wheels,  and  as  on 
woiiden  roads  this  limit  iKmucIi  le?s  than  on  an  iron  one,  it  becomea  a  still  more  . 
iLiten-at'in);  inquiry  toascertiiin  by  vfliai  means  we  may  increase  the  quantity  of 
power  without  c:icf cding  the  limit.  Ou  the  LlverpiKiI  tc  Manchester  road  they 
appear  practic:iily  to  b<  limited  to  three  tma  on  each  pair  of  wheels,  tbongh 
aome  accounts  stat.r  tliis  to  be  too  liigh,  with  their  velocity,  for  the  permaneitt 
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bt'iiefit  of  the  road.     On  a  wooden  road,  where  only  ^•incb  iroa  is  madeiueof, 
I  would  put  the  limit  at  1^  tons  per  pair  of  wheels. 

If,  tiierefore,  there  can  be  n)  arran^emeuts  whereby  this  disadTaiitageoiu 
relation  may  be  provided  for,  it  is  evident  that  to  c<)nvej  the  pame  quantity  of 
go:>ds  or  transport  the  same  number  of  pa-tsengers,  we  mustt  incur  twice  the  ex- 
pense of  attendance,  twice  the  amount  of  r.-pair,  and  twice  the  liability  to  accident. 
In  fact,  more  than  twice,  since  in  doubliujc:  the  weight  of  the  engine  we  are  able 
to  appropriate  a  greater  proportion  of  the  increased  weight  to  steam-geneTating 
purposes. 

The  arrangement  which  I  would  propose  to  effect  so  desirable  an  object  would 
be,  as  the  limit  exists  in  the  quantity  on  each  point  of  support,  to  increase  the 
number  of  supports,  and  thus  distribute  the  weight  over  a  greater  surface.  I 
would  therefore  place  ihe  engine  on  six  or  eight  wheels,  and  limit  the  weight  to 
1^  tons  to  each  pair. 

There  arise  two  objections  to  this  arrangement,  from  the  inequalities  Sn  tlie 
line  of  supi>ort ;  the  one  vettical,  the  other  horizontal. 

If  three  or  four  wheels  were  united  on  a  side  to  the  same  rigid  straight  line, 
and  the  road  had  irregularities  in  its  surface,  there  would  arise  great  and  injuri- 
ous strains  to  tlie  structure,  from  the  wheels  not  being  able  to  adapt  themiselves 
to  the  irregularities. 

This  difficulty  may  be  completely  obviated  by  giving  the  weight  to  be  supported 
but  two  points  of  suppoit  on  each  side,  aud  making  these  points  the  centres  of 
motion  of  the  jMiirs  of  \\ heels. 

Tiiis  arrangement  will  evidently  adapt  itself  with  as  much  ease  and  simplicity 
to  all  vertical  irregulurities  as  is  the  case  with  two  wagons  connected  together. 

As  to  the  change  of  direction  horizontally,  as  in  the  entrance  of  turuouta  and 
the  pa.-*sage  of  curves,  a  very  simple  adjustment  will  relieve  the  arrangement 
from  all  difficulty.  If  we  connect  the  frame  with  the  cross-piece  only  at  the 
centre,  and  by  a  horizon t»l  point,  the  two  sets  of  wheels  will  thereby  be  enabled 
to  pass  all  curvatures  with  the  facility  of  two  simple  wagons  connected  in  the 
ordinary  manner. 

No  iittempt  has  yet  been  made  to  accommodate  the  locomotive  carriage  to  the 
pashage  of  curvatures,  by  providing  the  means  of  changing  the  parallelism  of  the 
axles,  and  giving  them  the  relative  inclination  that  the  radius  of  curvature 
requires. 

As  a  result  of  this  cotDmunication  the  company  authorized 
the  construction  of  several  ''  steam  carriages  *'  on  this  plan. 
Mr.  Allen  accordingly  left  Charleston  early  in  the  summer  of 
1831  for  the  North,  and  contracted  with  the  West  Point  Foundry 
for  the  construction  of  the  engines.  The  first  one  built  and  put 
in  operation  was  the  South  Carolina,  She  was  received  at 
Charleston  in  January,  1832,  and  was  put  in  operation  in  Feb- 
ruary, 1832.  Three  others  were  also  constructed  and  put  in 
operation  before  the  end  of  1832. 

On  October  1,  1834,  a  patent  was  granted  to  Boss  Winans,  of 
]^altiinore,  for  eight-wheeled  cars  with  two  trucks.  In  his  speci- 
fication he  described  his  invention  as  follows : 

I  construct  two  bearing  carriages,  each  with  four  wheels,  which  are  to  BnsUia 
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tliB  body  of  the  pasBenner  or  other  car,  by  pls-cing  ( 
end  (if  ii,  in  a  w»y  1o  be  preseiii!y  deBcribed.  The  i 
tliece  rnrriage.'  nre  lo  be  placed  verr  near  to  each 
tlipir  Rntxge^  need  be  no  grauter  thna  is  nfceSBary  1 

The  boilj  of  tlie  paB£ea^i-r  or  ntlipr  car  I  mnhe  of  double  the  ordinary  lenglL 
of  thnge  wbicli  run  on  four  nlieeln,  and  capable  of  carrying  duiible  tbelr  load. 

This  body  I  place  ao  as  To  real  ila  whole  waiglil  opon  two  uiiper  bwlBtors  of 
the  two  before- iiiantloEfd  bfariiig  carriHRfa  or  riinniog  gear. 


The  Newcastle  &  Frenchtown  Turnpike  &  Kailroad  Com- 
pany built  or  used  cars  eontiiining  Winans's  improvements,  but 
denied  the  validity  of  bis  pateut.  Hence,  in  1838,  Winana 
broiif^ht  bis  first  suit  at  law  against  that  compaDy,  This  was 
tbe  beginning  of  twenty  years  ot  litigation  with  the  railroads  of 
the  country,  a  brief  liistory  of  which  was  written  by  Mr.  William 
Whitinj?,  of  Boston,  counsel  for  some  of  the  defendants,  and 
pnMished  in  1860  with  the  title  "Twenty  Tears'  War  against 
the  Kaib-oads."     Of  this  litigation  Mr.  Whiting  said  : 

It  was  al  one  time  a  que^tioo  of  miltions,  to  bn  assured  by  a  verdict  of  a  jnr; 
— not  indeed  in  a  eingle  suit,  but  a»  the  result  of  enforcing  Ibe  plaiutifl's  clHiia 
whi-rever  railroads  were  iu  nae  and  the  courts  of  the  United  Stales  liad  Jiiriitdic- 
tioa.  A  single  verdict,  BUauuned  by  lie  comt,  woald  enable  iluit  r 
easily  reached.  Stimuluted  by  such  hopes  and  fears,  the  litigation  hns  been  con- 
ducted with  a  correaponding  petrevi-mncp,  Inhnr,  and  lali^iit.  Kmni  Main^  lo 
MarylHud.  through  a  period  of  eighteen  yeari-,  in  various  courts  of  law  and  L-i^uity, 
tkgiiiiiat  a  grt'at  number  of  railroad  companies  and  against  olliut  defendaLits.  before 
juries  of  the  cnuiitry  and  juries  of  the  citr,  before  not  lena  than  til  dlflereni 
judgi-B  of  the  courts  of  the  United  States,  and  with  all  the  talent  and  learning 
that  abundant  ineiins  and  a  liberiil  hand  coitlii  supply,  wiih  a  pertinaciiy  ol  i  ar- 
po^e  rari'ly  equalled,  the  plalutiff  bus  )iresseJ  his  claims. 

The  case  was  finally  can'ied  to  the  Supreme  Court  in  Wash- 
ington and  was  heard  in  1858,  and  a  final  decision  was  given  in 
favor  of  the  railroads  and  against  Winans.  In  closing  his  ac- 
count of  thia  remarkable  trial  Mr.  Whiting  said  : 

Thus,  afii-r  tircntff  j/eari  ot  coot  rove  isy— the  commencement  of  a  lurge  number 
of  actions  lit  law  and  in  equity  againut  the  railroads,  the  nciual  trial  of  eight 
casei- — ihr'  r.rnvi'ry.  lij  Mr.  Winana,  of  tivo  verdicts  soslaining  lits  paiani,  the 

di'in^.T r  .,r  iti.   Jill  V  in  tlirte  triala,  the  finding'  nf  one  verdict  nl  Canaiidaigua 

ajjin  '  <  nd  tun',  oii  bnih  sides,  of  not  le  B  than  4;3OO,00O.  and  the 

"uil (It  of  the  (.nil.   at.  Wa-hingion  in  favor  of  the  railroads, 

(■lid,  I  I.I-  ■■    . ;..  !■   rli.ipte'r  in  the  hisiory  of  liti{;ation. 

In  these  trials  the  testimony  of  Mr,  Allen,  and  the  eigbt- 
wbeeleil  engines  which  he  built  iu  1831,  liecame  very  important 
evidence,  and  in  an  oi>inion  [^iven   by  Judge  Nelson  he  said: 
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''The  deoided  preponderance  of  the  eyidence  is,  that  this  steam 
carriage  embraces  all  the  elements,  arrangements,  and  organiza- 
tion to  l>e  found  in  the  cars  manufactured  by  the  defendant."  * 

■3f  -Sf  *  *  *  « 

The  drawings  of  these  engines  were  obviously  imperfect  in 
many  respects,  but  they  are  all  that  is  left  as  a  record  of  the 
construction  of  these  remarkable  machines.     They  show  how, 
at  that  early  date,  Mr.  Allen  anticipated  what  have  since  been 
recognized  as  essential  principles  in  the  construction  of  locomo- 
tives and  the  operaticm  of  railroads.     These  principles  are,  first, 
vertical,  and  second,  lateral  flexibility  of  wheel-base,  and  third, 
the  distribution  of  weight  of  the  locomotive  on  more  points  and 
over  a  greater  surface  of  the  road  than  was  possible  with  the 
engines  in   use  previous   to  1830.      These  results,  it  will  be 
observed,  are  a  consequence  of  the  adoption  of  the  swivelKng- 
truck   in  locomotive   construction,  which  was  devised  by  Mr. 
Allen  in  1830,  and  which  he  constructed  in  1831   and  put  in 
practice  in  1832. 

Furthermore,  as  Judge  Nelson  remarked  in  giving  an  opinion 
in  the  Winans  case,  these  engines  ''  embraced  all  the  elements, 
arrangements,  and  organization  to  be  found  in  cars  with  two 
four-wheel  trucks."  It  was  the  early  adoption  of  swivelling- 
trucks  for  both  locomotives  and  cars  in  this  country  which  has 
so  materially  "  differentiated  "  American  railroad  practice  from 
that  in  other  countries,  and  to  Mr.  Allen  belongs  the  credit  of 
having  had  the  prescience  to  see,  and  the  courage  to  put  in  prac- 
tice, what  are  now  recognized  as  essential  principles  in  railroad 
construction.  With  the  light  and  experience  of  sixty  years  to 
guide  us,  it  is  now  easy  to  see  how  very  close  these  early  engines 
of  Mr.  Allen  came  to  being  a  most  brilliant  success.  If  the  driv- 
ing-axles liad  been  attached  to  frames  fastened  to  the  fire-box, 
and  if  the  two  pairs  of  small  wheels  alone  had  been  connected 
to  the  triKrk-frainos,  and  the  cranks  had  then  been  placed  at  right 
an«;l('s  to  eacli  other,  and  the  driving-wheels  coupled  together, 
the  ont^iiips  would  liavo  acliioved  immortality. 

Ill  IS.)  k  after  tli(^  Soutli  Carolina  Bailroad  was  finished,  Mr. 
AllfMi   ni.irrii'd  ^liss  Mary  Moncri(^f  Simons,  daughter  of  the 


*  Si'VtTal  ]»u!,'»'s  of  Mr.  Forii«\v*8  orij]^in«l  paper  «r«  omitted  at  this  point,  In-ar- 
iiig  on  tli«"  <iu»*>tiuii  nf  tloxihlc  wliool-base. — J^ccretary. 
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Rev.  James  Dewar  Simons,  Rector  of  St.  Philip's  Cliiirc]]  in 
ChfirieBtou.  He  remained  in  Charleston  until  1835,  and  in  the 
spring  of  that  year  he  went  abroad,  accompanied  bj  Mrs.  Allen 
and  her  mother,  and  devoted  nearly  three  years  to  foreign  travel, 
returning  to  America  near  the  close  of  1837.  After  a  Bummer 
in  England  and  Scotland  and  a  winter  in  Paris,  he  visited  the 
principal  citiea  of  the  continent,  and  made  the  entire  passage  of 
the  Danube  to  the  Black  Sea  and  Constantinople,  went  thence 
to  Smyrna,  the  Asiatic  coast,  to  Athens,  and  acroBS  the  Levant 
to  Alexandria,  and  spent  the  winter  on  the  Nile,  In  the  spring 
of  1837  he  went  to  Naples  and  Rome,  and  returned  to  Paris, 
and  from  there  to  England,  from  which  he  sailed  for  New  York 
late  in  It^ST. 

In  1S3S  he  received  the  appointment  of  principal  Assistant 
Engineer  of  the  Croton  Aqueduct,  John  B.  Jervis  being  the 
Chief  Engineer,  Before  the  High  Bridge  over  the  Harlem 
River  was  built,  Mr,  AUeu  recommended  that  the  Croton  Aque- 
duct be  carried  in  a  tunnel  below  the  river.  Since  then  this 
plan  has  been  adopted  for  the  new  aqueduct,  which  now  passes 
under  the  river.  On  the  completion  of  the  Croton  Aqueduct, 
in  1812,  he  first  turned  the  water  on  to  supply  the  city  of  New 
York,  Afterward  he  was  appointed  one  of  the  five  comrais- 
sioners  who  were  intrusted  with  the  supervision  of  the  distribu- 
tion of  the  water  through  the  city. 

About  1842  Mr,  Allen  became  one  of  the  proprietors  of  the 
celebrated  Novelty  Works  in  New  York,  This  establishment 
originated  in  a  somewhat  curious  way.  Previous  to  the  date 
when  this  firm  was  organized.  Dr.  Nott,  then  President  of  Union 
College,  invented  a  stove  and  a  steam  boiler  for  burning  anthra- 
cite coal.  To  show  the  entire  practicability  of  his  invention 
he  had  a  small  steamboat  built,  called  the  Ninidty,  which  ran 
from  New  York  to  Harlem,  At  night  this  boat  was  laid  up  at  a 
landing  at  the  foot  of  Twelfth  Street  A  small  shed  was  then 
erected  there,  with  a  few  tools  for  doing  repairs  on  the  boat. 
This  shop  was  extended,  and  it  came  to  be  known  as  "The 
Novelty's  Works,"  and  afterward  passed  into  the  hands  of  Mr. 
Stillman,  who  extended  it  and  did  various  kinds  of  machine 
work  there.  After  Mr,  Allen  entered  the  firm  the  business 
grew  verj'  rapidly  in  various  directions,  and  included  mill-work 
of  various  kinds,  stationary  and  marine  engines,  pumps,  sugar 
machinery,  steam  fire-engines,  hydraulic  presses,  etc. 
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The  firm  of  Stillman,  Allen  &  Co.  was  formed  in  1847,  and 
consisted  of  Thomas   B.  Stillman,  Horatio  Allen,   Bobert  M. 
Stratton,  George  F.  Allen,  and  William  B.  Brown.     The  Novelty 
"Works  liually  became  the  largest  establishment  in  the  country 
for  building  marine  engines.     The  machinery  for  many  of  the 
old   Collins  line  of  steamers  and  the  Pacific  Mail  Steamship 
Company  was  built  there,  including  the  engines  of  such  ships 
as  the  Pa  ifir,  Afhinfir,    Adriatic,  Arctic^  and  Baltic,     All  these 
had  side-lever  engines  excepting  the  AdHatic^  which  had  oscil- 
lating engines,  with  two  cylinders  9  or  10  feet  diameter  and  13 
feet  stroke. 

Mr  Allen  was  always  a  great  advocate  of  oscillating  cylinder 
engines  f  Dr  side-wheel  steamships,  and  in  1867  he  wrote  what  he 
called  ''  a  statement  of  facts  and  considerations  in  reference  to 
beam  and  oscillating  engines  for  marine  side-wheel  steamships," 
which  was  addressed  to  Allan  McLane,  President  of  the  Pacific 
Mail  Steamship  Company,  and  was  afterward  published  in  a 
pamphlet.  In  this  Mr.  Allen  compared  engines  with  85-inch  cyl- 
inders and  8  feet  stroke,  and  claimed  that  the  room  occupied  by 
the  oscillating  engine  compared  with  the  beam  engine  is  8,500 
cubic  feet  for  the  one  and  14,750  for  the  other ;  the  weight  138 
and  152  tons  respectively ;  the  number  of  parts  through  which 
the  power  is  transmitted  from  the  piston  to  the  crank  is  three  for 
the  oscillating  engine  and  nine  for  the  beam  engine  ;  the  number 
of  parts  which  must  be  constructed  in  true  line  and  relation  to 
each  other  is  three  for  the  oscillating  and  six  for  the  beam  en- 
gine ;  the  number  of  bearings  and  their  brasses  to  be  kept  in 
proper  adjustment  and  lubrication  is  five  for  the  oscillating  and 
thirteen  for  the  beam  engine.  He  also  explained  that  the  stmctnre 
through  which  the  power  was  transmitted  from  the  cylinder  to 
the  crank-pin  would  be  much  stronger  and  more  substantial,  and 
the  strain  on  the  bottom  of  the  vessel  less,  with  the  oscillating 
than  with  the  beam  engine  ;  the  weight  which  comes  to  a  state 
of  rest  in  passing  the  centres  is  ♦ji  tons  in  the  one  engine  and 
30  in  the  otlier  ;  the  valve-gear  of  the  oscillating  engine,  it  was 
admitted,  has  more  parts  than  that  of  the  beam  engine.  It  was 
also  claimed  that  all  the  journals  of  the  oscillator  are  as  acces- 
sible as  tliose  of  tlie  beam  engine ;  that  the  first  could  be  bal- 
anced by  cast-iron  buckets  on  the  wheel  as  perfectly  as  the 
latter  is  l)v  the  weights  at  each  end  of  the  beam. 

The  Adriatic  had  oscillating  engines,  and  Mr.  Allen  applied 
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hig  two-motion  cone  valve-gear  to  them,  which  consisted  of  large 
conical  plug-valves.  They  were  moved  by  a  mechaniam  which 
first  lifted  the  valves  and  then  turned  them,  which  it  was  sup- 
poBed  Would  prevpnt  them  from  jiimniing.  There  waa  consider- 
able difficulty  in  getting  them  to  work  satisfactorily,  which 
caused  much  delay  and  expense.  Some  part  of  the  gear  broke 
down  on  a  trial  trip,  and  the  valves  were  finally  taken  out  and 
others  were  substituted  for  them.  A3  there  was  great  rivalry  at 
that  time  between  the  Cunard  line  which  was  owned  by  Eng- 
lishmen, and  the  Collins  steamers  which  were  owned  by  Amer- 
icans, this  experimental  valve-gear  attracted  a  great  deal  of 
attention,  and  was  the  subject  of  much  criticism. 

The  enj^irios  for  the  Corinfitulion,  Moses  Tat/lor,  An"on,  Mariposa, 
Great  Re/inlAk;  Idaho,  Montana,  Arizona,  GiMen  Age,  and  Gdden 
(?a/e  for  the  Pacific  Mail  Steamship  Company,  and  for  the  Re 
et  Italia  and  Re  Galantiiomo,  two  war-ships  for  the  Italian  gov- 
emmenfl  were  all  built  at  the  Novelty  Works,  The  Golden  Gate 
also  had  oscillating  engines. 

During  the  war,  engines  were  built  for  three  gim-boats  and 
also  for  the  sloops  Adirondack  and  Wampanoag.  and  the  double- 
turreted  monitor  J/tantotiomah,  and  the  frigate  Roanoke  was  con- 
verted into  a  monitor  with  two  turreta  The  old  engines  were 
Qsed  in  the  vessel  when  it  was  altered. 

At  one  time  there  were  over  1,500  men  employed  in  the  Novelty 
Works,  but  30  groat  was  the  difficulty  of  getting  men  at  that  time, 
owing  to  the  demands  of  the  army  and  navy,  that  Mr.  Allen  went 
to  Europe  and  employed  a  large  number  there,  who  were  brought 
over. 

It  was  during  the  war  that  the  somewhat  acrimonious  dispute 
with  reference  to  the  economy  of  using  steam  expansively  arose. 
On  the  one  side  were  those,  including  Mr.  laherwood,  the  Chief 
of  the  Bureau  of  Steam  Engineering,  who  advocated  the  use  of 
moderate  degrees  of  expansion  and  comparatively  low  pressure 
with  the  engines  then  in  use  ;  and  ou  the  other  side  was  the  late 
Mr.  E.  N.  Dickerson  and  others,  who  claimed  that  greater  press- 
ures and  excessively  high  degrees  of  expansion  were  the  most 
economical.  The  subject  was  discussed  on  both  sides  with  great 
fierceness  and  attracted  the  attention  of  Congress,  and  finally  the 
Naval  Committee  requested  the  Naval  Department  to  have  a 
series  of  experiments  made  "  to  assist  in  determining. the  limita- 
tion of  the  economical  expansion  of  steam  under  practical  con- 
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ditioiis  and  other  collateral  questions  relating  to  the  general 
subject. "  * 

In  18i)3  Mr.  Welles,  then  the  Secretary  of  the  Navy,  appointed 
Mr.  Allen  ami  Mr.  Isherwood,  who  at  that  time  was  the  Chief  of 
the  Bureau  of  Steam  Engineering,  ''  a  commission  to  devise  and 
conduct  a  set  of  experiments  to  ascertain,  by  means  of  practical 
results,  the  relative  economy  of  using  steam  with  different  meas- 
ures of  expansion."  t  The  commission  was  also  authorized  "  to 
associate  such  other  persons  as  it  may  deem  advisable  for  the 
object  in  view." 

The  experiments  were  to  be  made  under  the  supervision  of  a 
committee  of  the  Franklin  Institute  of  Philadelphia  and  the 
Smithsonian  Institute  of  Washington,  and  three  civilian  engi- 
neers, of  whom  Mr.  Allen,  who  believed  in  high  rate  of  expan- 
sion, was  one.  If  committees  were  appointed  by  the  institutions 
named,  they  did  not  take  an  active  part  in  conducting  the  ex- 
periments. These  were  made  during  the  years  1864  to  1868  at  the 
Novelty  Works,  under  the  general  direction  of  Mr.  Allen,  who 
was  then  the  president  of  the  company,  and  Chief  Engineer 
Isherwood,  at  that  time  the  Chief  of  the  Bureau  of  Steam  Engi- 
neering, IT.  S.  N.,  who  detailed  a  corps  of  assistants  to  do  the 
work. 

The  ex]^eriments  were  commenced  at  the  Novelty  Works  on  a 
large  scale.  Engines  with  various-sized  cylinders  were  con- 
structed. These  were  connected  ^dth  a  large  air-fan,  the  revolu- 
tions of  wliich  represented  the  work  done.  Much  time  and 
money  was  consiimed  in  getting  this  machinery  to  work  satis- 
factorily, and  in  making  the  experiments,  and  apparently  they 
did  not  prove  exactly  what  either  side  anticipated.  While  they 
were  insufficient  to  settle  all  the  points  at  issue,  they  showed 
what  is  well  known  now,  that  the  point  of  cut-off  which  ia  most 
economical  becomes  shorter  as  the  pressure  is  increased ;  but 
that  with  any  pressure,  the  most  economical  degree  of  expansion 
is  soon  roaclied,  and  the  cost  rises  rapidly  after  this  point  is 
passed. 

So  much  time  was  consumed  in  making  experiments  that  some 
of  those  wlio  formed  the  commission  lost  interest  and  practicaUy 


*  PaptT  on  tlie  Tdst  of  Power  in  Non -Condensing  Stesm-Enc^nep.     Read  by 

Charles  E.  Emery  before  the  American  Society  of  Mechanic:il  Eagineers,  1888. 

f  T\ui  above  language  is  (luotcd  from  the  original  appointment  of  the  eom- 

inissiou. 
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abandoned  them,  possibly  becanae  the  results  did  not  prove  what 
it  was  expected  tliey  would.  The  work  was  then  carried  on 
by  Cbief  Eugineer  Isherwood  aud  bis  aasiatants  in  consultatdon 
■witb  Mr,  Allen.  Tlie  cost  of  the  esperimente  went  up  to  over 
1100,000,  aud  as  the  time  consumed  was  bo  great  aud  the  results 
were  apparently  inconclusive,  the  Navy  Department  finally  or- 
dered them  discontinued.  The  commission  in  charge  of  them 
never  made  a  report  nor  were  tbe  results  published  under 
government  authority,  although  a  general  table  was  furnished 
by  Mr.  Isherwood  to  Mr.  R.  H.  Buel,  who  had  it  published 
io  the  articles  on  steam  engineering  which  he  prepared  for 
Appletons'  "Cycloprodia  of  Mechanics"  and  iu  the  American 
edition  of  ■'  Wiesbach's  Mechanics." 

It  is  not  easy  now  to  learn  what  was  the  precise  significance, 
or  rather  what  was  proved  by  these  experiments,  Apparently 
they  did  not  show  as  great  an  economy  from  the  use  of  high- 
pressure  steam  and  high  rates  of  expansion  as  the  advocates  of 
that  side  of  the  question  expected,  though  the  results  with  high- 
pressure  steam  showed  greater  economy  than  those  with  low- 
pressure,  and  it  was  also  found  that  it  was  economical  to  cut  off 
shorter  with  high  than  with  low  pressure  steam.  The  experi- 
ments were,  of  course,  made  with  engines  of  the  kiud  then  iu 
most  general  use,  and  did  uot  include  compound  or  triple- 
expansion  engines,  with  the  very  high  pressures  which  have  been 
made  practicable  by  thoir  use.  It  is  evident  now  that  those 
who  then  advocated  the  use  of  high-pressure  steam  and  exces- 
sively high  degrees  of  expansion  did  not  understand  fully  how 
steam  used  under  these  conditions  is  affected  by  various  cir- 
cumstances, especially  those  existing  when  steam  is  expanded 
in  a  single-cylinder  engine. 

Afterward,  a  competitive  trial  was  made  by  Commodore  Ish- 
erwood and  Mr.  Dickerson  with  two  United  States  vessels,  the 
Winooalci  and  the  Algonquin.  They  were  first  tied  up  in  a  dock, 
and  their  wheels  were  turned  at  a  regular  rate  and  a  careful 
record  was  kept  of  the  fuel  consumed.  In  these  trials  the 
(Fi'noosti',  Commodore  Isherwood's  vessel,  had  an  engine  with 
double  poppet-valves  and  Stevens  cut-oflf.  The  Algonquin  had 
a  Sickles  cut-off  with  single  poppet-valves. 

Trials  of  speed  were  afterward  made  at  sea.  The  Winoosld 
then  used  steam  of  25  lbs,  pressure  cut  off  at  /(  of  the  stroke, 
aud  the  Algonquin  carried  90  lbs.  of  steam  and  cut  off  at  ^. 


I 
I 


1173  A  MEMORIAL  OF  HORATIO  ALLEN. 

The  failure  of  the  Algonquin  in  these  trials  is  now  a  matter 
of  history. 

After  the  experiments  at  the  Novelty  "Works  were  ended,  Mr. 
Charles  E.  Emery,  who  was  an  assistant  engineer  in  making 
them,  suggested  a  supplementary  series  with  a  small  engme 
having  8x8  inch  cylinders.  The  officers  of  the  Novelty  Worb 
agreed  to  bear  the  expense  of  these,  which  amounted  to  abont 
S5,n00.  The  results  of  these  experiments  with  non-condensing 
engines  were  afterward  published  by  Mr.  Emery  in  the  proceed- 
ings of  the  American  Society  of  Mechanical  Engineers  in  1886 
and  1888. 

While  the  investigations  were  being  made  it  is  said  that  Mr. 
Allen  suspended  judgment  thereon,  as  was  proper  he  should. 
Those  who  were  intimately  associated  with  him  at  the  time 
never  heard  him  express  an  opinion  with  reference  to  the  subject 
after  the  experiments  were  endeiL 

In  the  light  of  our  present  knowledge  it  seems  singular  that 
experiments  on  such  a  scale  were  needed  to  show  what  now 
seems  so  easily  proved.  Doubtless  some  of  the  experiments 
of  the  present  day  will  appear  equally  needless  twenty-five  or 
thirty  years  hence. 

During  all  of  Mr.  Allen's  career  he  was  a  prolific  inventor,  as 
will  appear  from  the  following  list  of  some  of  the  patents  which 
he  took  out : 

Stt'jim  Cut-Off.    H.  Allen 1S41 

Stop  Cock.  '•        1841 

Sieum  Cut-off.         "         1842 

Determining  Tiilcknoss  of  Metal  Pipt-s.     H.  Allen 1843 

Tapping  Mainn.     II.    Alien 1^43       ■ 

St«'aiii  Cut-Off.  "         , 1847 

1849 

1849 

St»am -Engine  Valve-Grar.      Allen  &  Wella 1853 

"  **  '*       '*  '*  **  iSJi^t 

Two  Motion  i 'one- Valve ISo-l 

Sn-uiii  Engine  Valve  gear.   II.  Allen , 1857 

St«'ani  Hoilrr  Tube  Joint.  "       18*)8 

Car  Seats  and  C  .uclies.  '*       1866 

Ctinnecfiig  the  Tubes  with  the  IL'ads  of  Surface  Condenser j<.     H. 

Albn 1868 

Sleepiui,'  Cars.     II.  Allen 1876 

Trrn-strial  Globes      **      1879 

Tli(»  Allen  tVr  Wells  cut-off,  in  its  several  different  forms,  was 
introtlucetl  to  some  extent,  and  is  still  in  use  on  different  steam- 
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boats.  The  mettod  of  connoeting  condeneer  tubes  to  their  heads 
vith  compressed  wooden  ferrules  has  also  been  extensively 
Eidopted. 

Dui-ing  the  war,  althongh  a  great  deal  of  work  had  been  done 
at  the  Novfltj  "Works,  the  success  of  the  company  was  not  pro- 
portionate to  the  amount  of  the  business.  Thoy  were  operated 
during  part  of  that  period  under  the  disadvantage  of  a  market 
in  which  the  prices  of  labor  and  materials  were  conatantly  rising. 
Contracts  were  taken  at  fixed  sums,  and  it  was  then  not  easy  to 
anticipate  what  the  increase  would  be  in  the  cost  of  doing  work 
before  it  ivas  finished. 

When  the  war  was  ended  there  was,  of  course,  a  cessation  of 
government  work.  Business  at  the  Novelty  Works  had  been 
conducted  on  a  large  scale,  with  fixed  expenses  in  the  same  pro- 
portion. The  tools  and  machinery  were  old  and  out  of  date, 
and  it  was  soon  found  that  the  works  were  being  conducted 
at  a  loss.  To  remodel  and  reequip  them  with  new  tools  and 
machinery  to  meet  the  changed  condition  of  business  would  in- 
volve a  lari^jo  outlay  of  capital.  The  real  estate  was  very  valua- 
ble, and  it  was  finally  determined  to  close  the  works  and  wind 
up  the  business.  This  was  done  in  1870,  and  the  Kovelty  Works 
soon  ceasod  to  exist.  The  business  which  was  conducted  there, 
like  raoHt  great  enterprises,  was  attended  with  varying  success. 
Under  the  firm  of  Htillraan,  Allen  &  Co.  it  was  at  first  very 
profitable,  but  some  heavy  losses  embarrassed  the  firm  and 
they  had  to  seek  outside  aid.  Mr,  James  Brown  furnished  the 
firm  with  more  capital,  and  when  a  stock  company  was  organ- 
ized he  became  a  stockholder,  and  Mr,  Allen  was  president. 
During  the  war  the  business  was  very  active  and  during  part  of 
the  time  profitable,  but  Mr.  Allen  was  then  not  a  large  holder 
of  the  stock. 

During  his  connection  with  the  Novelty  Works  he  also  acted 
in  the  capacity  of  Consulting  Engineer  for  the  Erie  Bailroad, 
and  he  was  Presidout  and  Chief  Engineer  of  that  company  for 
a  year.  He  was  also  Consiilting  Engineer  to  the  Panama  Eail- 
road  Company  for  a  short  time,  and  during  that  period  also 
held  incidentally  other  important  engineering  trusts.  His  pro- 
fessional c-ireer  may  be  said  to  have  ended  as  Consulting  Engi- 
neer of  the  Brooklyn  Bridge. 

In  1870  Jlr,  Allen  letired  from  active  life  and  built  himself  a 
house  at  Montrose,  near  Mountain  Station  on  the  Morris  & 
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Essex  Kailroad,  in  New  Jersey,  where  here  sided  up  to  the  end 
of  liis  lif(\  He  left  a  widow,  three  daughters,  and  a  son.  He 
always  soemed  to  derive  his  chief  enjoyment  in  life  from  hia 
deliglitful  homo,  but  this  was  especially  the  case  during  the 
latter  years  of  his  life.  He  was  a  man  of  very  quiet  domestic 
tastes,  1)iit  took  a  lively  interest  in  engineering,  scientific,  and 
especially  educational  matters,  up  to  tlie  last. 

He  always  took  an  active  interest  in'  philanthropic  and  chari- 
table matters,  and  was  one  of  the  founders  of  the  Union  League 
Club,  and  an  active  member  of  it  in  the  days  when  its  influence 
was  exerted  iu  belialf  of  great  national  questions,  and  before 
narrow  partisanship  had  contracted  its  sphere  of  usefulness. 
He  V.  as  also  one  of  the  organizers,  and  for  a  long  time  an  active 
member,  of  the  Association  for  the  Improvement  of  the  Condi- 
tion of  the  Poor,  the  Children's  Aid  Society,  and  the  New  York 
Gallery  of  Art,  and  was  associated  with  a  number  of  gentlemen 
who  were  instrumental  in  preserving  what  was  known  as  the 
Abbott  Collection  of  Egyptian  Antiquities,  which  now  forms  a 
part  of  the  New  York  Historical  Society's  collection.  He  was 
a  member  of  the  American  Society  of  Civil  Engineers,  and  was 
its  president  for  one  term.  He  was  also  a  member  of  the  Amer- 
ioiin  Society  of  Mechanical  Engineers,  and  was  elected  an  hon- 
orarv  member  of  both  societies.  * 

Mr.  Allen  took  an  interest  in  a  very  wide  range  of  subjects. 
During  his  later  years  he  devoted  much  time  to  the  subject  of 
education.  He  earnestly  desired  to  be  of  use  to  the  rising  gen- 
eration, and  he  sympathized  very  strongly  with  the  difficulties 
of  children  and  young  people  in  acquiring  knowledge.  He 
wrote  a  little  book  on  arithmetic  and  commenced  one  on  alge- 
bra, and  was  esj>ecially  interested  in  the  methods  of  teaching 
astronomy.  He  also  wrote  a  book  on  that  subject,  and  invented 
an<l  constructed  a  number  of  instruments  to  facilitate  the  study 
of  astn^ioniv  in  schools. 

His  life  and  experience,  if  it  could  be  fully  written,  would  be 
of  «»X(.'eedin<:  inten»st. 

In  his  later  years  he  often  expressed  regret  that  he  did  not 
k.M^p  n  recnnl  of  the  events  of  his  early  life,  and  especially  his 
obsorviitiniis  during  the  period  that  he  first  visited  £urope. 
He  was  tln»n  on  intimate  terms  with  George  Stephenson  and 

"-  Mr.  A)!'  11  WM-i  III.  :::>it  l.i.norary  mcinlicr  tie.  led  to  the  latter  society  after  itJ 
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t^e  early  fathers  of  the  railroad  system.  He  was  in  Eugland  to 
study  that  system,  which  was  then,  if  not  in  its  infaucy,  at  any 
rate  in  its  early  yoath.  If  his  observations  had  been  fully  re- 
corded they  would  now  be  of  intense  interest.  Beginning  his 
study  of  engineering  in  early  manhood,  when  railroads  were  an 
esperimeut,  it  extended  over  the  period,  so  recently  ended, 
which  covered  completely  that  wonderful  era  of  modem  devel- 
opment which  has  been  due  to  the  introduction,  application, 
and  diffusion  of  steam-power  over  the  whole  civilized  world. 

Mr.  Allen  waa  an  ardent  lover  of  nature,  and  nearly  always 
devoted  the  early  morning  hours  to  the  enjoyment  of  its  beauty 
and  took  the  keenest  delight  in  its  contemplation.  Among  the 
marked  traits  of  his  character  were  hia  gentleness  and  gen- 
erosity, which,  it  is  said,  "  is  in  nothing  more  seen  than  in  a 
candid  eatimation  of  other  men's  virtues  and  good  qualities."  • 
He  was  always  ready  to  give  a  helping  hand  to  those  who  were  i 
down  and  trying  to  get  up.  His  words  and  acts  of  encourage- 
ment to  many  young  men  beginning  the  hazardous  voyage  of 
lite  were  like  propitious  breezes  and  inspired  them  with  hope, 
which  sustained  them  until  they  reached  port.  A  paper  pub- 
lished near  his  home  said  of  him  :  "  His  integrity  was  of  the 
most  unnwevving.  unflinching  kind,  and  he  was  scrupulous  almost 
to  a  fault  over  matters  that  ordinarily  pass  current  in  the  mer- 
cantile world."  The  modem  forms  which  business  bribery  has 
assumed  excited  iu  him  unbounded  indignation.  A  gentleman 
occupying  a  prominent  position  in  public  life,  and  who  was  asso- 
ciated with  Mr,  Allen  during  the  trying  period  of  the  war,  said  of 
him  he  possessed  all  the  best  qualities  of  a  true  gentleman. 

His  last  years  were  spent  quietly  with  hia  family  in  his  home 
at  Montrose,  in  New  Jersey.  It  may  be  said  of  him,  that  his 
integrity  commanded  the  respect  of  all  honest  men  who  knew 
him,  his  generosity  made  many  persons  his  debtors,  and  the 
delight  which  he  took  in  contributing  to  the  happiness  o^ 
others  led  all  to  be  "kindly  affectioned"  to  him. 
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